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MORPHOLINE DERIVATIVES AS NOREPINEPHRINE 



REUPTAKE INHIBITORS 
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20 



This invention relates to novel moipholine compounds, and to their use in selectively 
inhibiting norqpinephiine leiqptake. 

Selective inhibition of norepinqphrine reiqjtake is a relatively new mode of action for the 
treatment of afiEective disorders. Norq)inephrine appears to play an impoTtaat role in flie 
disturbances of vegetative function associated with affective, anxiety and cognitive 
disorders. Atomoxetine hydrochloride is a selective inhibitor of norepinephrine reuptake, 
and is marketed for the treatment of attention deficit hyperactivity disorder (ADHD). 
Reboxetine is also a selective norepinephrine reuptake inhibitor, and is maik^ed for the 
treatmmt of depression. W099/1S177 discloses the use of reboxetine to treat ADHD and 
WOOl/01973 discloses the use of S,S-reboxetine to treat inter alia ADHD. 
WO2004/01 8441 discloses certain morpholine derivatives as selective inhibitors of the 
rei^take of nQrq>inephrine. 

According to fte present invention there is provided a compound of formula (T) 



wherein, 

X is OH, C1-C4 alkoxy, NH2 or NH(C1-C4 alkyl); 

RxisHarCl-C4alkyl; 
Ry is H or C1-C4 alkyl; 

each Rz group is indep^dently H or C 1 -C4 alkyl, with the proviso that not more than 3 
Rz gxiups may be C1-C4 alkyl; 




1 
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Rl is C1-C6 alky! (optionaUy substituted with 1, 2 or 3 halogen atoms and/or with 1 
substituent selected from C1-C4 alkyltfaio (optionaUy substituted with 1. 2 or 3 fluorine 
atoms), C1-C4 alkoxy (optionally substituted with 1, 2 or 3 fluorine atoms), C3-C6 
cycloalkoxy, C1-C4 alkylsulfonyl, cyano, -C0-0(C1-C2 alkyl), -0-C0-(Cl-C2 aBcyl) 
and hydroxy); C2-C6 alkenyl (optionally substitated with 1, 2 or 3 halogen atoms); C3- 
C6 cycloalkyl (optionaUy substituted with 1, 2 or 3 halogen atoms and/or with 1 
substituent selected from C1-C4 aUcoxy and hydroxy) wherein one C-C bond within the 
QflcloaUcyl moiety is optionaUy substituted by an 0-C, S-C or C=C bond; C4-C7 
cycloaUcylaUcyl (optionaUy substituted with 1, 2 or 3 halogen atoms and/or with 1 
substituent selected from C1-C4 alkoxy and hydroxy) wherein one C-C bond within the 
cyctoaUcyl moiety is optionaUy substituted by an O-C, S-C or C=C bond; or CH2Ar2; and 
Ar 1 and Ar2 are each independently a phenyl ring or a 5- or 6-membered heteroaryl ring 
each of which is optionally substituted wifli 1, 2 or 3 substituents (depending upon the 
number of available substitution positions) each independently selected from C1-C4 alkyl 
15 (optionaUy substituted with 1, 2 or 3 halogen atoms), C1-C4 alkoxy (optionaUy 

substituted with 1, 2 or 3 halogen atoms), C1-C4 aDcylthio (optionaUy substituted with 1, 
2 or 3 halogen atoms), -C0-0(C1-C4 aDcyl). cyano, -NRR. -CONRR, halo and hydroxy 
and/or with 1 substituent selected from pyridyl. thiophenyl, phmyi. benzyl and phenoxy 
each of which is optionaUy ring^substituted with 1, 2 or 3 substiments each independently 
20 selected from halogen, C1-C4 alkyl (optionaUy substituted with 1, 2 or 3 halogen atomsX 
C1-C4 aUcoxy (optionally substituted with 1 , 2 or 3 halogen atoms), caiboxy, nitio, 
hydroxy, cyano, -NRR, -CONRR, SO2NRR and SO2R; and 
each R is indq)endently H or C1-C4 aftyl; 
or a pharmaceuticaUy acceptable salt thaeof. 



25 



In the present q>ecification the tenn "C1-C4 alkyP means a monovalent unsubstituted 
saturated straight-chain or branched-chain hydrocarbon radical having from 1 to 4 carbon 
atoms. Thus the tenn "C1-C4 aUcyF* includes, for example, methyl, ethyl, n-propyl, 
isqpropyl, n-butyl, isobutyl, sec-butyl and tot-butyl. 



30 
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In the present spedficadon the tsmi alkoxy" means a monovalent unsubstituted 

satuzated straigjit'-chain or bianched-chain hydrocaihon radical having fiom 1 to 4 carbon 
atoms linked to flie point of substitution by a divalmt O radical. Thus the term '*C1-C4 
alkox/* mcludes, for example, methoxy, ethoxy, n^iropoxy, isopropoxy, n-butoxy, 
5 isobutoxy, sec-butoxy and teit-butoxy. 

In tiie present specification the Vsna '*C1-C4 alkylthio'* means a monovalent unsubstituted 
saturated straigbt-chaiu or bzauched-chain hydrocarbon radical having £rom 1 to 4 carbon 
atoms linked to the point of substitution by a divalent S radical. Ihus the term "^1-04 
10 alkyhhio" includes, for example, mefliyithio, ethyithio, n-propylthio, isopropylfliio, n- 
butyitbio, isobutylthio, sec-butylthio and tert-butyltiiio. 

In the present specification the torn **C3-C6 cycloalkyl" means a monovalent 
unsubstituted saturated cyclic hydrocarbon radical having fi'om 3 to 6 carbon atoms. Thus 
15 the term "C3-C6 cycloalkyl" includes, for example, cyclopropyi, cyclobutyl, cyclopentyl 
and cyclohexyl. 

In the present specification the term "C4-C7 cycloalkylalkyl" means a monovalait 
unsubstituted saturated cychc hydrocarbon radical having fix>m 3 to 6 carbon atoms 
20 linked to the point of substitution by a divalmt unsubstituted saturated straight-chain or 
branched-^hain hydrocarbon radical having at least 1 carbon atom. Thus the term'^CM-C? 
cycloalkyr includes, for exarrq)le, cyclopropyhnethyl, cyclopropylethyl, 
cyclobu^dmethyl, cyclopentylmethyl and cyclohexylmeOiyl. 

25 In the present specification the phrase ''wherein one C-C bond within the cycloalkjd 
moiety is optionally substituted by an O-C, S-C or 0=C bond** means that either (i) any 
two adjacent carbon atoms within a cycloalkyl ring may be linked by a double bond 
rather than a single bond (with the number of substituents on each carbon atom being 
reduced accordingly), or that (ii) one of any two adjacent C atoms within a cycloalkyl 

30 ring (and any substituents thereon) may be replaced by an oxygen or sulphur atom. 
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Examples of groups encompassed by this phrase when used m conjunction wift the term 
C3-C6 cycloalkyi include, for example: 




Examples of groups encompassed by this phrase when used in conjunction with the term 
5 C4-C7 cycloalkylalkyl include, for example: 




In the present specification the term "C2-C6 alkenyF ' means a monovalent unsubstituted 
unsaturated straight-chain or branched-chain hydrocarbon radical having fix)m 2 to 6 
10 carbon atoms and containing at least one carbon-carbon double bond. Thus the term "Cl- 
C4 alkenyl" includes, for example, ethenyi, ptopenyl, 2-methyl-2-propenyl and butenyL 

In the present specification the term cycioalkox/' means a monovalent 

unsubstituted saturated cycKc hydrocarbon radical having from 3 to 6 caibon atoms in the 
15 ring linked to the point of substitution by a divalent O radical Thus the term "C3-C6 
cycloalkoxyr includes, for example, cyclqpropoxy. 

In the presCTt specification the tentn "C1-C4 alkjdsulfonyr means a monovalent 
unsubstituted saturated strai^t-chain or branched-chain hydiocaibon radical having fiom 
20 1 to 4 caibon atoms linked to the point of substitution by a divalent SO2 radical. Thus (he 
term **C1-C4 alkylsulfonyl" includes, for example, methylsulfonyl. 

In the present spedfication terms sunilar to the above definitions specifying diflFerent 
numbers of C atoms take an analogous meaning. Specifically, "CI-C6 alkyi" means a 
25 monovalent unsubstituted saturated straight-chain or branched-chain hydrocarbon radical 
having fi-om 1 to 6 carbon atoms. Thus the term ''Cl-Ce alkyr* represrats a larger set of 
compounds fhzt encompasses the subset "C1-C4 alkyl" but also includes, for example, n- 
pentyl, 3-methyI-butyl, 2-methyl-butyl, 1 -methyl-butyl, 2,2-dimethyl-propyl, n-hexyl, 4- 
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m6tb)4-pentyl and 3-metfayl-peiityl Specifically, ''C1-C2 alkyl" means a monovalent 
unsubstituted saturated hydiocaxboniadical having 1 or 2 carbon atoms. Thus tte term 
"C 1 -C2 alkyr rqiresents a subset of cooqwunds within the temi "CI -C4 alkyi" and 
includes ms&iyl and e&yL 

5 

In tiie preset ^edfication tiie tenn "halo" or "halogen** means F, Br or L 

In the present specification the tenn "^phenoxy** means a monovalent unsubstituted phenyl 
radical linked to the point of substitution by a divalent O radical. 

10 

In tiie pr^ent specification the term "5-membered heteroaryl ring" means a 5-membered 
aromatic ring including one or more heteroatoms each indq)endently selected fix>m N, O 
and S. Preferably there are not more than three heteroatoms m total in the ring. More 
preferably there are not more than two heteroatoms in total in the ring. More preferably 
1 5 there is not more than one heteroatom in total in the ring. The term includes, for example, 
the groups thiazolyl, isothiazolyl, oxazolyl, isoxazolyl, tfaiophenyi, fiiranyl, pytrolyl, 
hnidazolyi, triazolyl, oxadiazolyl and thiadiazolyl. 

"Thiazoljd** as used herein includes 2-lfaiazol3d, 4-thiazolyl and 5-thiazol^. 
20 "Isothiazolyr as used herein includes 3-isothiazolyl, 4-isofhiazolyl, and S-isothiazol}l 

"Oxazolyl" as used herein includes 2-oxazolyl, 4-oxa2olyi and 5-oxazolyL 

'Isoxazolyl" as used herein includes 3-isoxazolyl, 4-isoxazolyi, and S-isoxazolji. 

"Thiophenyi" as used h^ein includes 2-1faiophenyl and 3-thiophen>l 

'Turanyl** as used herein includes 2-fiiranyl and 3-iuranyl. 
25 **Pyrrolyr as used herein includes 2-pyrrolyI and 3-pyrrolyl. 

^^Imidazolyl" as used herein includes 2-imidazolyl and 4-imidazoIyl. 

*Triazolyr as used herein includes 1-tiiazolyl, 4-triazolyl and 5-tnazolyi. 

"Oxadiazolyr as used herem includes 4- and S-(l,2,3-oxadiazolylX 3- and S-(l,2,4- 
oxadiazolyl), 3-(l,2,5-oxadiazoIyl), 2-(13,4-oxadiazol)d). 
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"Thiadiazolyr' as used herein includes 4- and 5-(1^3-thiadiazolyl), 3- and 5-(l,2,4- 
thiadiazolyi), 3-(l AS-thiadiazolyl), 2-(U,4-thiadiazolyl). 

In the pxesent specification &e tenn *'6-meznbered heteroaryl ring" means a 6-manbered 
5 aromatic ring including one or more heteroatoms each independently selected from N, O 
and S. Preferably there are not more than three heteroatoms in total in fhe ring. More 
preferably there are not more flian two heteroatoms in total in the ring. More preferably 
there is not more than one heteroatom in total in the ring. The term includes, for example, 
the groups pyridyl, pyrimidyl, pyrazinyl, pyridazinyl and triazinyl. 

10 

'TyridyF as used herem includes 2-pyridyl, 3-pyridyl and 4-pyridyl. 

'Tyrimid^*' as used herein includes 2-pyrimidyl, 4-pyrimidyl and 5-pyrimidyl. 

*Tyrazinyr as used herein includes 2-pyra2inyl and 3-pyrazinyl. 

"Pyridazinyr* as used herein includes 3-pyridazinyl and 4-pyridazinyl. 

15 "Triazinyr' as used herein includes 2-(l,3,5-tria2inyl), 3-, 5- and 6-(l,2,4-triazinyI) and 4- 
and 5-(l,2,3-triazmyl). 

In the present spedficarion the term ^^crtho^ refers to a positicm on the Arl aromatic ring 
which is adjacent to the position fiom which Arl links to the rest of the compound of 
20 formula (I). 

In the present specification flie term ''N-protecting group^ means a functional group 
which renders the N atom to which it is attached umreactive imder fhe reaction conditions 
to which the N-protected compound is subsequently exposed, except wh^ said protected 

25 N atom is also bonded to an H atom and except where such conditions are specifically 
chosen to remove the N-protecting group. The choice of N-protecting group will depend 
upon the subsequent reaction conditions and suitable N-protecting groiips for given 
situations will be known to the person skilled in the art. Further information on suitable 
N-protecting groups, including methods for their addition and removal, is contained in the 

30 well known text "Protective Groups in Organic Synthesis**, Theodora W. Greene and 
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Peter G.M. Wuts, John Wiley & Sons, Inc^ New York, 1999, pp.494-653. Exanq)les of 
N-^tecting groins include caibamate protecting groups -COORa whoein Ra is, for 
example, m^yl, ethyl, 9-fluorraylmefliyi (Fmoc), 2 A2-trichloroefliyl (Troc), 2- 
trimethylsilylethyl (Teoc), t-butyi (Boc), all>d (Alloc), benzyl (Cbz) or p-melhoxybCTzyl 
5 (Moz); amide protecting groups -CO-Rb whenan Rb is, for example, H, methyl, benzyl 
or phenjd; alkylamine protecting groups -Rc herein Rc is, for example, methyl, t-butyl, 
allyl, [2-(tri]n^ylsil}d))ethoxy]me&)d, benzyl, 4-methoxybrazyl, 2,4-dimeflxoxybenzyl, 
dq)henylm6ttiyl or triphenyhnethyl (tritsd); and sulfonamide protecting groups -SOrRo 
wherein Rd is, for exanople, methyl, benzyl, phenyl or phenyl substituted with Scorn 1 to S 

10 substituents each independently selected fiom methyl, t-butyl, methoxy and nitro. in some 
instances, the reaction conditions employed mean tiiat N-protecting groups which are 
stable under strongly basic conditions and/or in the presence of strong nucleophiles (such 
as organometallic reagents) are gaierally preferred. Examples of such preferred N- 
protecting groi5}s include alkylamine protecting groi5)s -Rc wherein Rc is, for example, 

15 methyl, t-butyl, allyl, [2-(trimethylsilyl))ethoxy]methyl, benzyl, 4-methoxybOTzyl, 2,4- 
dimethoxybenzyl, diphenylmethyl or triphenyhnethyl (trityl). Benzyl is an especially 
preferred N-protecting groiq>. 

hi a preferred embodiment of tiie present invoition, X is OH, C1-C4 alkoxy, or NH2. 
20 More preferably, X is OH or NH2. Most preferably X is OH. 

In a preferred embodiment of tiie present invention, Rx is H or methyl. Most preferably 
RxisH. 

25 hi a preferred CTibodiment of the present invention, Ry is H or methyl. Most preferably 
Ry is H. 

In a preferred embodiment of the present invention, each Rz group is independently H or 
methyl, with the proviso that not more than 3 Rz groups may be methyl. Most preferably, 
30 eachRzisH. 
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Id a prefeiTed embodiment of the present invention, Rl is C1-C6 alkyl (optionally 
substituted with 1, 2 or 3 halogen atoms and/or with 1 substitumt selected torn C1-C4 
alkylfhio (optionally substituted with 1, 2 or 3 fluorine atoms), C1-C4 alkoxy (optionally 
substituted with 1, 2 or 3 fluorine atoms), C3*C6 cycloalkoxy, C1-C4 aDcylsulfonyl, 
5 cyano, -C0-0(C1-C2 alkyl), -0-CCKC1-C2 alkyl) and hydroxy). More preferably, Rl is 
C1-C6 alkyl (optionaUy substituted witii 1, 2 or 3 halogen atoms and/or with 1 substituent 
selected from C1-C4 alkoxy (optionally substituted with 1, 2 or 3 fluorine atontis), cyano 
and hydroxy). More preferably, Rl is C1-C6 alkyl (optionally substituted with 1, 2 or 3 
halogen atoms). More preferably, Rl is C1-C6 alkyl (optionally substituted with 1, 2 or 3 
10 fluorine atoms). Exan^les of specific identities for Rl within this embodiment include 
methyl, ethyl, iso-propyl, iso-butyl, n-butyl, 3,3,3-trifluoropropyl and 4,4,4-trifluorobutyL 

In a preferred embodiment of the present invention, Rl is C2-C6 alkenyl (optionally 
substituted with 1, 2 or 3 halogen atoms). 

15 

In a preferred embodiment of the present invention, Rl is C3-C6 cycloalkyl (optionally 
substituted with 1, 2 or 3 halogen atoms and/or with 1 substituent selected from C1-C4 
alkoxy and hydroxy) wherein one C-C bond within the cycloalkyl moiety is optionally 
substituted by an O-C, S-C or C=C bond. More preferably, Rl is C3-C6 cycloalkyl 

20 (optionally substituted with 1 , 2 or 3 halogen atoms and/or with 1 substituent selected 
from CI -C4 alkoxy and hydroxy) wherein one C-C bond within the cycloalkyl moiety is 
optionally substituted by an O-C bond. More preferably, Rl is C3-C6 cycloalkyl wherein 
one C-C bond within the cycloalkyl moiety is optionally substituted by an O-C bond. 
Examples of specific identities for Rl within this embodiment include cyclopropyl, 

25 cyclopentyl and tetrahydrq>yranyl (in particular tetrahydro-2H-pyran-4-yl). 

In a prefixed embodiment of the present invention, Rl is C3-C6 cycloalkyl (optionally 
substituted with 1, 2 or 3 halogen atoms and/or with 1 substituent selected from C1-C4 
alkoxy and hydroxy). More preferably, Rl is C3-C6 cycloalkyl Examples of specific 
30 identities for Rl within this embodiment include cyclopropyl and cyclopentyl. 
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In a preferred embodiment of the present invention, Rl is C3-C6 cycloalkyl (optionally 
substituted with 1, 2 or 3 halogen atoms and/or with 1 substituent selected from C1-C4 
alkoxy and hydroxy) wh^ein one C-C bond within the cycloalkyl moiety is substituted 
by an O-C, S-C or OC bond More preferably, Rl is C3-C6 cycloalkyl (optionally 
5 substituted with 1, 2 or 3 halogen atoms and/or with 1 substituent selected from C1-C4 
alkoxy and hydroxy) wh^i^ one C-C bond wifliin the cycloalkjd moiety is substituted 
by an O-C bond. More preferably, Rl is C3-C6 cycloalkyi wherein one C-C bond wifhm 
tiie cycloalkyl moiety is substituted by an O-C bond. An example of a specific identity for 
Rl within this embodim^t is tetrahydiopyranyl (in particular tetrahydro-2H-f yran-4-yl). 

10 

In a preferred embodiment of the present invention, Rl is C4-C7 cycloalkyialkyl 
(optionally substituted with 1, 2 or 3 halogen atoms and/or with 1 substituent selected 
from C1-C4 alkoxy and hydroxy) wherdn one C-C bond within the cycloalkyl moiety is 
optionally substituted by an O-C, S-C or C=C bond. 

15 

In a preferred embodiment of the present invention, Rl is C4-C7 cycloalkyialkyl 
(optionally substituted with 1, 2 or 3 halogen atoms and/or with 1 substituent selected 
from C1-C4 alkoxy and hydroxy). 

20 In a preferred embodiment of the present invention, Rl is C4-C7 cycloalkyialkyl 

(optionally substituted with 1, 2 or 3 halogen atoms and/or with 1 substituent selected 
fix>m C1-C4 alkoxy and hydroxy) wherein one C-C bond within flie cycloalkyl moiety is 
substituted by an O-C, S-C or C=C bond. 

25 In a preferred embodiment of tfie present invention, Rl is CH2A12 wherein Ar2 is as 
defined above. More preferably, Rl is CH2 Ar2 wheiein Ar2 is a phenyl ring or a pyridyl 
(preferably 2-pyridyl) ring each of which may be substituted with 1 , 2 or 3 substitumts 
each independently selected from C1-C4 alkyl (optionally substituted with 1 , 2 or 3 
halogen atoms), C1-C4 alkoxy (optionally substituted with 1, 2 or 3 halogen atoms), Cl- 

30 C4 alkylthio (optionally substituted with 1, 2 or 3 halogen atoms), halo and hydroxy. 

More preferably, Rl is CH2Ar2 wherein Ai2 is a phenyl ring optionally substituted in the 
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10 



15 



20 



maimer described in the preceding sentence. More preferably, Rl is CH2Ar2 wherein Ar2 
is a phenyl ring optionally substituted with 1 or 2 substituents each indepmdently 
selected from C1-C4 alkyl (optionally substituted with 1 , 2 or 3 halogen atoms), C1-C4 
alkoxy (optionally substituted with 1, 2 or 3 halogen atomsX halo and hydroxy. Examples 
of specific identities for Rl within this raabodiment include phenyfanethyl and (2- 
metlioxy-phenyl)methyl. 

In a preferred embodiment of the present invention, Arl is a phenyl ring or a 5- or 6- 
mCTxbered heteroaryl ring; each of which is substituted in flie ortho position witti a 
substituent selected from CK;4 alkyl (optionally substituted with 1, 2 or 3 halogen 
atoms), C1-C4 alkoxy (optionally substituted wifh 1, 2 or 3 halogen atoms), C1-C4 
alkylthio (optionally substituted with 1, 2 or 3 halogen atoms), -C0-0(C1-C4 alkyl), 
cyano, -NRR, -CONRR, halo, hydroxy, pyridyl, thiophenyl, phenyl, beozyl and phenoxy, 
each of which ortho substituents is optionally ring-substituted (where a ring is present) 
with 1, 2 or 3 substituents each independently selected from halogen, C1-C4 alkyl 
(optionally substituted with 1, 2 or 3 halogen atoms), C1-C4 alkoxy (optionally 
substituted with 1, 2 or 3 halogen atoms), carboxy, nitro, hydroxy, cyano, -NRR, - 
CONRR, SO2NRR and SO2R; ^nd each of which is (in addition to ortho substitution) 
optionally further substituted with 1 or 2 substituents each independently selected &om 
C1-C4 alkyl (optionally substituted with 1, 2 or 3 halogen atoms), C1-C4 alkoxy 
(optionally substituted witti 1, 2 or 3 halogen atoms), C1-C4 alkylthio (optionally 
substituted with 1, 2 or 3 halogen atoms), -C0-0(C1-C>t alkyl), (^0, -NRR, -CONRR, 
halo and hydroxy. More preferably, Arl is a phenyl ring or a pyridyl (preferably 2- 
pyridyl) ring each of which is substituted and optionally further substituted in the manner 
described in tiie preceding sentence. More preferably, Arl is a group of the formula (a): 



R3 




wherein. 
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A is N or CR6 (preferably CR6); R2 is C1-C4 alkyl (optionally substituted with 1, 2 or 3 
halogra atoms), C1-C4 alkoxy (optionaUy substituted with 1, 2 or 3 halogen atoms), CI- 
C4 alkylthio (optionaUy substituted with 1, 2 or 3 halogen atoms), halo, hydroxy, pyridyl, 
thiophenyl, phenyl (optionally substituted with 1, 2 or 3 substituents each independently 
5 selected torn halogen, C1-C4 alkyl (optionally substituted witii 1, 2 or 3 halogen atoms), 
or C1-C4 alkoxy (optionally substituted wift 1, 2 or 3 halogen atoms)) or phoioxy 
(optionally substituted with 1, 2 or 3 halogen atoms); R3isH;R4isH;RSisH, C1-C4 
alkyl (optionally substituted witti 1, 2 or 3 halogen atoms), C1-C4 alkoxy (optionally 
substituted with 1, 2 or 3 halogen atoms), C1-C4 alkylthio (optionally substituted with 1, 

10 2 or 3 halogOT atoms), halo or hydroxy; and R6 (if present) is H or halo ft>referably H), 
More preferably, Arl is a group of the fomiula (a) wherein, A is CR6; R2 is C1-C4 alkyl 
(optionally substituted with 1, 2 or 3 fluorine atoms), C1-C4 alkoxy (optionally 
substituted with 1, 2 or 3 fluorine atoms), halo or phenyl (optionally substituted witii 1, 2 
or 3 fluorine atontis); R3 is H; R4 is H; R5 is H or F; and R6 is H or halo. More 

15 preferably, Arl is a group of the formula (a) wherein, A is CR6; R2 is C1-C4 alkyl 
(optionally substituted with 1, 2 or 3 fluorine atoms), C1-C4 alkoxy (optionally 
substituted with 1, 2 or 3 fluorine atoms) or phenyl (optionally substituted with 1, 2 or 3 
fluorine atoms); R3 is H; R4 is H; R5 is H or F; and R6 is H, Examples of specific 
idratities for Arl include 2-methoxy-pbenyl, 2-ethoxy-phenyl, 2-trifiuoromethoxy- 

20 phenyl, 2-phenyl-phenyl, 2-(3-fluoro-phenyl>i)henyl, 2-chloro-phenyl, 2-meflioxy-5- 
fluoro-phenyl, 2-chloro-6-fluoroidienyl and 2-phenyl-S-fluoro-phenyl. 

It will be sppreciated that a compound of formula (I) above will possess at least two 
asymmetric carbon atoms. In the present specification, where a structural formula does 
25 not specify flie stereochemistry at one or more chiral centres, it encompasses all possible 
stereoisomers and all possible mixtures of stereoisomers (including, but not limited to, 
racemic mixtures), which may result fiom stereoisomerism at each of the one or more 
chiral centers. 

30 Thus, compounds defined by formula (I) above include each of the individual 
stereoisomers 
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Rz. 
Rz- 



Rz [J Rz 



Rz- 
Rz 



Rz.—^ >^Rz 
Rz f{ Rz 




and 



Rz 



Rz, 
Rz- 




10 



and all possible mixtures thereof. While all stereoisomers and mixtures thereof, are 
contemplated by the present invention, preferred embodiments include enantiomehcally 
and diastereomerically pure compounds of formula I. As used herein the term 
"enantiomerically pure" refers to an enantiomeric excess which is greater than 90%, 
preferably greater than 95%, more preferably greater than 99%. As used herein the term 
^'diastereomerically pure'' refers to a diastereomeric excess which is greater than 90%, 
preferably greater than 95%, more preferably greater than 99%. 

In a preferred ^bodiment of the present invention, there is provided a confound of 
formula (II) 



wherein, X, Rx» Ry» Rz, Rl and Arl are as defined for formula (Q above; or a 
phaimaceutically acceptable salt fiiereof. Preferably said compound of fomiula (IT) is both 
enantiomerically pure and diastereomerically pure. 




(n) 
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in a prefen^ embodimeiit of the present invention, tiiere is provided a compound of 
formula (m) 




5 wherein, X» Rl and Arl are as defined for formula (J) above; or a phamiaceutically 
acceptable salt thereof 

In a preferred raibodiment of the present invention, there is provided a compound of 
formula (HI) wherein 

10 XisOHorNH2; 

Rl is C1-C6 aUqd (optionally substituted with 1 , 2 or 3 halogoi atoms and/or with 1 
substituent selected from C1-C4 alkyldiio (optionally substituted with 1, 2 or 3 fluorine 
atoms), C1-C4 alkoxy (optionally substituted with 1, 2 or 3 fluorine atoms), C3-C6 
cycloalkoxy, C1-C4 aDcylsulfonyl, cyano, -C0-0(C1-C2 alkyi), -0-CCHC1-C2 aDqrl) 

15 and hydroxy); C3-C6 cycloalkyl (optionally substituted witti 1, 2 or 3 halogen atoms 
and/or with 1 substituent selected from C1-C4 alkoxy and hydroxy) wherein one C-C 
bond witiiin the cycloalkyl moiety is optionally substituted by an 0-C, S-C or C=C bond; 
or CH2 Ar2 wherein Ar2 is a phaiyl ring or a pyridyl (preferably 2-pyridyl) ring eadi of 
which may be substituted mih 1, 2 or 3 substituents each independmtly selected from 

20 C1-C4 alkyl (optionally substituted with 1, 2 or 3 halogen atoms), C1-C4 alkoxy 
(optionally substituted with 1, 2 or 3 halogen atoms), C1-C4 aDcylthio (optionally 
substituted with 1, 2 or 3 halogen atoms), halo and hydroxy; and 

Arl is a phenyl ring or a 5- or 6-membered heteroaryl ring; each of which is substituted in 
the ortho position with a substituent selected from C1-C4 alkyl (optionally substituted 
25 with 1 , 2 or 3 halogen atoms), C1-C4 alkoxy (optionally substituted with 1, 2 or 3 

halogen atoms), C1-C4 alkylthio (optionally substituted with 1, 2 or 3 halogen atoms), - 
C0-0(C1-C4 alkyl), cyano, -NRR, -CONRR, halo, hydroxy, pyridyl, thiophcnyl, phenyl. 
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bmzyl and phenoxy, each of wbich ortho substituents is optionally ring-substitated 
(where a ring is present) with 1, 2 or 3 substituents each independently selected from 
halogen, C1-C4 alky] (optionally substituted with 1, 2 or 3 halogen atoms), C1-C4 alkoxy 
(optionally substituted with 1, 2 or 3 halogen atoms), carboxy, nitro, hydroxy, cyano, - 
5 NRR, -CONRR, SO2NRR and SO2R; and each of which is (in addition to ortho 

substitution) optionally further substituted with 1 or 2 substituents each independently 
selected from C1-C4 alkyl (optionally substituted with 1, 2 or 3 halogen atoms), C1-C4 
alkoxy (optionally substituted wifli 1, 2 or 3 halogen atoms), C1-C4 alkyltliio (optionally 
substituted with 1, 2 or 3 halogen atoms), -C0-0(C1-C4 alkyl), cyano, -NKR, -CONRR, 
1 0 halo and hydroxy; or a phamiaceutically acc^table salt thereof. 

In a preferred embodiment of the present invention, there is provided a compound of 
formula (TV) 



15 




wherein, 

XisOHorNH2; 

Rl is C1-C6 alkyl (optionally substituted with 1, 2 or 3 halogen atoms and/or with 1 
substituent selected from C1-C4 alkoxy (optionally substituted with 1, 2 or 3 fluorine 
20 atoms), cyano, and hydroxy); C3^6 cycloalkyl (optionally substituted with 1, 2 or 3 
halogen atoms and^or with 1 substituent selected from C1-C4 alkoxy and hydroxy) 
wherein one C-C bond within the cycloalkyl moiety is optionally substituted by an 0-C 
bond; or CH2Ar2 wherein Ar2 is a phenyl ring optionally substituted with 1, 2 or 3 
substituents each indq)endently selected from C1-C4 alkyl (optionally substitoted with 1, 
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2 or 3 halogai atoms), C1-C4 alkoxy (optionally substituted with 1, 2 or 3 halogen 
atoms), C1-C4 alkylfhio (optionally substituted with 1, 2 or 3 halogen atoms), halo and 
hydroxy; 

A is N or aR6 Qireferably CR6); R2 is C1<X aDgrl (optionally 

5 halogen atoms), C1-C4 alkoxy (optionally substituted with 1, 2 or 3 halogen atoms), CI* 
C4 alkylthio (optionally substituted with 1, 2 or 3 halogen atoms), halo, hydroxy, pyridyl, 
thiophenjd, phenyl (optionally substituted with 1, 2 or 3 substituents each independently 
selected fiom halogen, C1-C4 alkyl (optionally substituted with 1 , 2 or 3 halogm atoms), 
or C1-C4 alkoxy (optionally substituted with 1, 2 or 3 halogen atoms)) or phenoxy 

10 (optionally substituted with 1, 2 or 3 halogen atoms); R3 is H; R4 is H; RS is H, C1-C4 
alkyl (optionally substituted with 1, 2 or 3 halogen atoms), C1-C4 alkoxy (optionally 
substituted with 1, 2 or 3 halogen atoms), C1-C4 alkylthio (optionally substituted with 1, 
2 or 3 halogen atoms), halo or hydroxy; and R6 (if present) is H; or a phannaceutically 
acceptable salt thereof. 

15 

In a preferred embodiment of tiie present invention, there is provided a compound of 
formula (V) 




20 wherein, 

XisOHorNH2; 

' Rl is C1-C6 alkjd (optionally substituted with 1, 2 or 3 fluorine atoms), C3-C6 cycloalkyl 
wherein one C-C bond within the cycloalkyl moiety is optionally substituted by an OC 
bond or CH2Ar2 wherein Ar2 is a phenyl ring optionally substituted with 1 or 2 
25 substituents each independently selected finom C1-C4 alkyl (optionally substituted with 1, 
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15 



20 



2 or 3 halogen atoms), C1-C4 alkoxy (optionally substituted with 1, 2 ox 3 halogen 
atoms), halo and hydroxy; 

R2 is C1-C4 alkyl (optionally substituted with 1, 2 or 3 fluorine atoms), C1-C4 alkoxy 
(optionally substituted with 1, 2 or 3 fluorine atoms) or phenyl (optionally substituted 
with 1 , 2 or 3 fluorine atoms); and R5 is H or F; or a phannaceudcaUy accq>table salt 
thereof. 

In a preferred embodiment of the present invention, th^ is provided a compound of 
formula (VI) 



wherein, 

Rl is C1-C6 alkyi (optionally substituted with 1, 2 or 3 fluorine atoms) or C3-C6 
cycloalkyl wherem one C-C bond within the cycloalkyl moiety is optionally substituted 
byanO-Cbond; 

R2 is C1-C4 alkyl (qptionaUy substituted with 1, 2 or 3 fluorine atoms), C1-C4 alkoxy 
(optionally substituted with 1 , 2 or 3 fluorine atoms) or phenyl (optionally substituted 
with 1, 2 or 3 fluorine atoms); and R5 is H or F; or a phannaceutically acceptable salt 
thereof. 

Specific embodiments of the present invention include the compounds 

I •[! ,1 *-biphenyl]-2-yl-2-moiphoIin-2-ylpropan-2-oI, 

1 -[5-fluoxo-2-(methyloxy)phenyl]-2-moipholin-2-ylbutan-2"Ol, 

2-moipholin-2-yH - {2-[(trifluoromethyl)oxy]phenyl}butan-2-ol, 

1 -[1 , 1 '-biphenyI]-2-yl-2-moipholin-2-ylbutan-2-ol, 

l-[5-fluorD-2-(methyloxy)phenyl]-3-methyl-2-morpholin-2-ylbutan-2-oI, 




R2 
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3-methyl-l-[(2-mefhyloxy)phenyi]-2-moipholm-2-yl^ 
l-[(2-ethyloxy)phenyl>3-methyl"2-moipholiii-2-^^ 

3- methyl-2-moipholin-2-3d-l-{2-[(trifluommetfa^^ 
l-[lJ*-biphenyl]-2-yl-3-methyl-2-maipholm-2-yIbutan-^ 

5 l-(4-fluoiD[14 '-biphenyl]-2-yl>3-methyi-2-moipholi^ 
l-[S-ftooro-2-<methyloxy)phen34]-4-me11iyl-2-moipholi^^ 
l-[2-(ethyloxy)phenyl]-4-metfayl-2-moipholm-2-ylpei^ 

4- methyI-2-moipholm-2-yI-l-{2[tnfhion)m^yI)oxy]phe^ 
l-[lJ'-biphenyl]-2-yl-4-mefhyl-2-morpholin-2-5ipentan-2-^^ 

10 l-(4-fluoix)[14 '-biphen)d]-2-yl>4-methyl-2-moipholm-2-yl^ 

lH:yclopmtyl-2-[5-fluoro-2<methyloxy)phenyl]-l-moipholin-2-^^ 
1 -cyclopentyl-2-[2-(efliyloxy)phenyl]- 1 -moiphoIin-2- jiefhanol, 

1- cyclopentyl-l-morpholm-2-yl-2-{2-[(trifluoromethyl)oxy] phenyl} ethanol, 

2- [l J '-biphenyl]-2-yl-l -cyclopentyl-l-moipholin-2-ylethanol, 

15 l-cyclopentyl-2-(4-fluoro[ 1,1 '-biphenyl]-2-yl)-l -morpholin-2-ylethanol, 

2-[5-fluoio-2-(inetliyloxy)phenyl]- 1 -moipholrQ-2-yl- 1 -tetrahydro-2H-'pyran-4-ylethanol, 

1- morpholm-2-yl-l-telrahydio-2H-pyraii-4-yl-2-{2-[(tri^ 
pheziyl}ethanol, 

2- [l,r-biphenyI]-2-yl-l-maipholm-2-^-l-tetrahydn>-2H^ 
20 2-<3-fliion)-biphenyl-2-yl>l-moiphoIm-2-yI-l-(tet^ 

S»S»S-trifliu)ro-l-(S-fluoro-2-mettioxy-phenyl)-2-moip^ 

5.5.5- t]i£hioro-2-moiplK)liih2-yl-l-(2-tii£Iuo^ 

1- [14'-biphmyl]-2-yl-S^,S-trifluoio-2-moipholm-2-ylpentan-^ 

6.6.6- 1iifluoro-l-[S-fluoro-2-(me&yloxy)phenyl]-2-mozphoI-^^ 
25 1-[1,1 '-biphenyl]-2-yI-6»6,6-trifluoro-2-moipholin*2*yl]he:^ 

lH;ydopropyl-2-{-2-(meaiyloxy)phen}d]-l-mozphol^^ 
l<yclopropyl-2-[-2-(ethyloxy)phenyl]-l-moipholm-2-ylethanol, 

2- [l ,1 '-biphenyl]-2-yl- 1 -cyclopropyl-l -moipholin-2-ylethanol, 
l,3-bis-(2-methoxy-phenyl)-2-moipholin-2-yl-pn)pan-2-oI, 

30 l-(2-methoxy-ben2yl)-2-(2-methoxy-phenyl)-l -moipholm-2-yl-eth 
2-morpholin-2-yl-l ,3-^phenyl-propan-2-ol. 
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1- (2-meflioxy-phenyl)-2-morpholin-2-yl-hexaQ-2-ol, 

2- moipholinyI-l-biphenyl-2-yl-hexan-2-ol, 

l-(2-<Moro-6-fhioro-phenyl)-4-methyl-2-moipholin-2-yl-peiitan-2-oland 
l-(2-chlaro-phenyl)-4-mefliyl-2-niorphoIm-2-yl-pentan-2-ol 
5 and phannaceiitically acceptable salts hereof 

The compounds of the present invention are inhibitors of norepinephrine reuptake 
Biogenic amine transporteis control the amount of biogenic amine neurotransmitters i 
the syn^tic cleft. Inhibition of the respective transporter leads to a rise in the 

10 concentration of that neurotransmitter within the synaptic cleft. Compounds of formula © 
and their pharmaceuticafly acceptable salts preferably exhibit a Kj value less than 60QnM 
at the norepinephrine transporter as detennined using the scinliUation proximity assay 
described below. More preferred compounds of formula (I) and then phaimaceuticaUy 
acceptable salts exhibit a value less than lOOnM at the norepinephrine transporter. Still 

15 more preferred compounds of formula (I) and then: pharmaceutically acceptable salts 
exhibit a Ki value less than 50nM at the norepinephrine transporter. Especially preferred 
compounds of ftnmula (I) and then- pharmaceuticaUy acceptable salts exhflwt a Kj value 
less than 2QnM at the norepmephrine transporter. Preferably, compounds of the present 
invention selectively inhibit ihe norepinephrine transporter relative to the serotonin and 
20 dopamine transporters by a fector of at least five, more preferably by a fector of at least 
ten using ttie scintillation proximity assays described below. 

In addition, the compounds of die present invention are preferably acid stable. 
Advantageously, they have a reduced interaction (both as substrate and mhibitor) with the 
25 liver enzyme Cytochrome P450(CYP2D6). That is to say, they preferably exhibit less 
tiian 75% metabohsm via the CYP2D6 pathway according to the CYP2D6 substrate assay 
described below and they preferably exhibit an IC50 of >6mM according to the CYP2D6 
inhibitor assay described below. 
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In view of their phannacological activity, the compounds of titie present invention are 
indicated for the treatment of disoid^ of (he cmtral and/or peripheral nervous system, in 
particular, disorders associated witii norepinephrine dysfunction in mammals, especially 
humans, including children, adolescCTts and adults. 

5 

The temi *'&orepmq>hrine dysfunction'' as used herein refers to a reduction in the amount 
of norepin^hrine neurotransmitter within flie syn^tic cleft below that which would be 
considered to be normal or desirable for a species, or an individual within that species. 
Thus the phrase "disorders associated with norepinephrine dysfunction in mammals" 

10 refers to disorders which are associated with a reduction in the amount of norepinephrine 
neurotransmitter within the synaptic cleft below that which would be considered to be 
nonnal or desirable for the mammalian species, or an individual within the species, in 
question. Disorders associated with norepinephrine dysfunction in mammals include, for 
example, nervouis system conditions selected fix>m the group consisting of an addictive 

IS disorder and withdrawal syndrome, an adjustment disorder (including depressed mood, 
anxiety, mixed anxiety and depressed mood, disturbance of conduct, and mixed 
disturbance of conduct and mood), an age-associated learning and mental disorder 
(including Alzheimer^s disease), alcohol addiction, allergies (in particular allergic 
rhinitis), anorexia nervosa, q>athy, asthma, an attention-deficit disorder (ADD) due to 

20 general medical conditions, attention-deficit hyperactivity disorder (ADHD) including the 
predominantly inattentive type of ADHD and the predominantly hyperactive-inqiulsive 
type of ADHD (and optionally by way of combination therapy with one or more 
stimulants such as me&yl^henidate, amphetamine and dextroami^etamine), bipolar 
disorder, bulimia nervosa, chronic fatigue syndrome, chronic or acute stress, cognitive 

25 disorders (discussed in more detail below but including delusions, dementias, amnestic 
disorders, mild cognitive impairment (MCI), cognitive impairment associated mih 
schizophrenia (CIAS) and cognitive disorders not o&ermse ^edfied), communication 
disorders (including stuttering, expressive language disorder, mixed recq>tive-expressive 
language disorder, phonological disorder and communication disorder not otherwise 

30 specified), conduct disorder, cyclothymic disorder, dementia of the Alzheimers type 
(DAT), dq>ression (including adolescent depression and minor depression), dysthymic 
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disorder, emotional dysregulation (including emotional dysregulation associated with 
ADHD, borderline personality disorder, bqjolar disorder, schizophrenia, schizoaffective 
disorder and intamittent explosive disorder), fibromyalgia and other somatofonn 
disorders (including somatization disorder, conversion disorder, pain disorder, 
5 hypochondriasis, body dysmorphic disorder, undifferentiated somatoform disorder, and 
somatofomi disorder NOS), generalized anxiety disorder, hot flashes or vasomotor 
symptoms, hypotensive states including oi&ostatic hypotension, impulse control 
disorders (including intermittent e?cplosive disorder, kleptomania, pyromania, 
pa&ological gambling, trichotillomania and impulse-control disorder not otherwise 
10 specified), incontinence (i.e. bedwetting, stress incontinence, genuine stress 

incontinence, and mixed incontinence), an inhalation disorder, an intoxication disorder, 
learning disabilities (including developmental speech and language disorders (such as 
developmental articulation disorder, developmental expressive language disorder and 
developmental receptive language disorder), learning disorders (such as reading disorder, 
15 mathematics disorder, disorder of written expression and learning disorder not otherwise 
specified) and motor skills disorders (such as developmental coordination disorder)), 
mania, migraine headaches, neuropathic pain, nicotine addiction, obesity (i.e., reducing 
the weight of obese or overweight patients), obsessive compulsive disorders and related 
spectrum disorders, oppositional defiant disorda-, pain mcluding cfanmic pain, 
20 neuropathic pain and antinociceptive pam, panic disorder, Paridnson's disease (in 
particular to improve dyskinesia, oscilations, balance, coordination, dq>ression, and 
motivation), peripheral neuropathy, personaKty change due to a general medical condition 
(including labile type, disinhibited type, aggressive type, pathetic ^e, paranoid type, 
combined type and unspecified type), pervasive developmental disorders (including 
25 autistic disorder, Asperger's disorder, Rett's disorder, childhood disintegrative disorder, 
and pervasive developmental disorder not otherwise specified), post-tiaumatic stress 
disorder, prranenstrual dysphoric disorder (i.e., premenstrual syndrome and late luteal 
phase dysphoric disorder), psoriasis, psychoactive substance use disorders, a psychotic 
disorder (including schizophrmia, schizoaffective and schizophreniform disorders), 
30 seasonal affective disorder, a sleep disorder (such as narcolepsy and enuresis), social 
phobia (including social anxiety disorder), a specific developmental disordw, selective 
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seictonm reuptake inhibition (SSKI) "poop out'* syndrome (i.e., wherein a patient who 
&ils to maintain a satis&ctoiy response to SSRI therapy after an initial period of 
satisfactory response), TIC disorders (e.g., Tonrette's Disease), tobacco addiction and 
vascular dementia. The compounds of the present invention are particularly suitable for 
5 the treatmmt of attration deficit hyperactivity disorder, ADHD. The conqpounds of the 
present invention are also particularly suitable for the treatment of schizophrenia. 

The term "cognitive disorders" (also variously referred to as "cognitive failure,'' 
"cognitive insufficiency," "cognitive deficit," "cognitive impairment," "cognitive 

1 0 dysfunction,'' and the like) refers to the dysfunction, diminution, or loss of one or more 
cognitive functions, flie processes by which knowledge is acquired, retained, and used. 
Cognitive dysfunction includes cognitive dianges associated with ageing ("age-associated 
memory impairment), as well as changes due to other causes. Cognitive impaimient is 
most commonly due to a delirium or dementia, but can also occur in association with a 

15 nmnb^ of other medical or neuropsychiatric disorders. More focal cognitive deficits are 
diagnosed using the criteria disclosed in the Diagnostic and Statistical Manual of Mental 
Disorders, Fourth Edition, Text Revision (DSM-IV-TR™, 2000), American Psychiatric 
Association, Washington, D.C., as either amnestic disorders (affecting memory) or 
cognitive disorder not otherwise specified (NOS), which includes executive dysfunction, 

20 visuospatialMsuocontructioiial impairment, attmtional deficits, disorientation These 
more focal cognitive disorders also have a wide variety of causes, some of which are of 
unknown etiology. 

A deleriuni is characterized by a disturbance of consciousness with a reduced ability to 
25 focus, sustain, or shift attention and a diange in cognition that develops over a short 
period of time. Delirium is very common, and occurs on average in about a fifQi of 
general hospital inpatients, and is even more conunon in nursing home patients and flK>se 
witii terminal iOnesses. The disorders included in the "Delirium" section of the DSM-IV- 
TR™ are listed according to presumed etiology: Delirium Due to a General Medical 
30 Condition, Substance-Induced Delirium (i.e., due to a drug of abuse, a medication, or 
toxin closure). Delirium Due to Multiple Etiologies, or Delirium Not Otherwise 
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Specified (if the etiology is indetenninate). As disclosed by Wise et al. ((2002) Delirium 
(Confiisioiial States), In Wise and Rundell, Eds., The American Psychiatric Publishing 
Textbook of Consultation-Liaison Psychiatry, Psychiatry in the Medically lU^ Second 
Edition, American Psydiiatric Publishing, Inc., Washington, D.C., Chapter 15, pp. 257- 
5 272, Table 1 5-4), exensplaiy etiological bases of delirium include, but are not limited to, 
infection, withdrawal fix>m alcohol and drugs, acute metabolic conditions, trauma of 
various types, CNS pathologies, hypoxia, vitamin deficiencies, eudocrinopathies, acute 
vascular conditions, toxins or drugs, and heavy metals. 

10 A dementia is a chronic condition, usually with a more gradual deterioration of memory 
and other intellectual jfiinctioning and other cognitive skills severe enough to interfere 
with the ability to perform activities of daily living. Although danentia may occur at any 
age, it primarily affects the elderly, presenting in more than 15% of persons over 65 years 
of age and in as many as 40% of persons over 80 years old. Dementia due to Alzheimer's 

15 disease is particularly conunon. Non-Alzheimer's cognitive impairments and/or 

dementias include, for example, those caused by or associated with: vascular diseases; 
Parkinson's disease; Lewy body disease (diffuse Lewy body disease); HIV/AIDS; mild 
cognitive impairments; mild neiu'ocognitive disorders; age-associated memory 
impainnents; neurologic and/or psychiatric conditions including epilepsy and epilepsy 

20 treatments; brain tumors, cysts, lesions, or other inflammatOTy brain diseases; multiple 
sclerosis; Down's syndrome; Rett's syndrome; progressive siqiranuclear palsy; frontal 
lobe danentia syndromes; schizophrenia and related psychiatric disorders; antipsychotic 
medications; traumatic brain injury (closed head injury), dCTientia pugilistica, and other 
head traumas; normal-pressure hydrocephalus; surgery (including coronary artery by-pass 

25 graft surgery) and anaesthesia, electroconvulsive shock ther^y, and cancer and cancer 
therspies. 

The demmtias are also listed in the "Dementia" section of the DSM-IV-TR™ according 
to presumed etiology: Demoitia of the Alzheimer's Type, Vascular Dementia, Dementia 
30 Due to Other General Medical Conditions (e.g., human iimnunodeficiency virus [HIV] 
disease, head liauma, Parkinson's disease, Huntington's disease), Substance-Induced 
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Persisting Dementia (i.e., due to a drug of abuse, a medication, or toxin exposure), 
Dementia Due to Multiple Etiologies, or Dementia Not Ofhowise Specified (if the 
etiology is indeterminate). As disclosed by Gray and Gummings ((2002) Dementia, In 
Wise and Rundell, Eds., The American Psychiatric Publishing Textbook of Consultation- 

5 Liaison Psychiatry, Psychiatry in the Medically HI, Second Edition, American Psychiatric 
PubKshing, Inc., Washington, D.C., Cbspteac 16, pp. 273-306, Table 16-1), exemplary 
etiological bases of princ^)al demmtia syndromes include, but are not limited to, 
degenerative disorders (cortical and subcortical), vascular disorders, myelinoclastic 
disorders, traumatic conditions, neoplastic disorders, hydrocq)haIic disorders, 

10 inflammatory conditions, infections, toxic conditions, metabolic disorders, and 
psychiatric disorders. 

An amnestic disorder is characterized by memory impainnrait in the absmce of other 
significant accompanying cognitive impairments. The disorders in the "Amnestic 
15 Disorders*' section of the DSM-IV-TR™ are also Usted according to presumed etiology: 
Amnestic Disorder Due to a General Medical Condition, Substance-Induced Persisting 
Amnestic Disorder, or Amnestic Disorda: Not Otherwise Specified. 

Cognitive Disorder Not Otherwise Specified in the DSM-IV-TR™ covers presentations 
20 that are characterized by cognitive dysfunction presumed to be due to either a general 
medical condition or substance use that do not meet criteria for any of the disorders Usted 
elsewhCTC in the section of the DSM-IV-TR™ mtitled T>elirium, Dementia, and 
Amnestic and Oflier Cognitive Disordas." 

25 Dementia, amnestic disorders, and cognitive disorders NOS occur in patients with a wide 
variety of other disorders mcluding, but not limited to, Huntington's disease (chorea); 
Pick's disease; spinocorebellar ataxias (types 1-11); corticobasalganglionic degeneration; 
neuroacanftocytosis; dentatombiopallidoluysian aliopy (DKPLA); systemic lupus 
erythematosus; heavy metal intoxication; alcoholic dementia (Wernicke's 

30 encephalopathy); fetal alcohol syndrome; single or multiples strokes, inchiding small 
vessels (Binswanger's dementia: subcortical arteriosclerotic encephalopathy) and large 
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vessels (multi-in£arct dementia); anoxic encephalopathy; tumors; biith anoxia; premature 
birth; inbom errors of metabolism; neurofibromatosis (Type I); tuberous sclerosis; 
Hallervorden Spatz disease; Wilson's disease; post-infectious sequelae (e.g., tuberculosis, 
viral encephalitis, bacterial meningitis); subdural hematoma subcortical dementia; 
S Creutzfeldt-Jakob disease; Geistmann-Straussler-Scheinker disease; general paresis; and 
syphilis. 

As discussed in detail above, cognitive failure may present in patients suffering firom a 
number of disorders, including dementia or delirium, or due to a wide variety of other 

10 causes. The conq>oundsofthe present invention are useful for the treatment or 
IH-evention of cognitive &ilure associated wi&, or due to, tibe disorders or etiologies 
discussed above, including disorders formally classified in the DSM-IV-TR™. For the 
convCTience of the reader, the DSM-IV-TR™ code numbers or descriptions are supplied 
below . **ICD-9-CM codes" refers to codes for, e.g., selected general medical conditions 

15 and medication-induced disorders contained in the International Classification of 
Diseases, 9* Revision, Clinical Modification. 

Delirium Due to a General Medical Condition 293.0 

20 Substance-Induced Delirium, including: 

Substance Intoxication Delirium: 

Code [Specific Substance] Intoxication Delirium: 

(291.0 AlcohoU 292.81 Amphetamine [or Aniphetamine*Iike Substance]; 292.81 
25 Cannabis; 292.81 Cocaine; 292.81 Hallucinogen; 292.81 bhalant; 292.81 Opioid; 

292.81 Phencyclidine [or Phencyclidine-Iike Substance]; 292.81 Sedative, 
Hypnotic, or Anxiolytic; 292.81 Other [or Unknown] Substance [e.g., cimetidine, 
digitalis, benztropine]) 

30 Substance Withdrawal Delirium: 
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Code [Specific Substance] Withdrawal Delirium: 

(291 .0 Alcohol; 292.81 Sedative, Hypnotic, or Anxiolytic; 292.81 Otiier [or 

Unknown] Substance) 

5 Delirium Due to Multiple Etiologies: 

Multiple codes are used, reflecting &e specific delirium and specific etiologies, 
e.g., 293.0 Delirium Due to Viral ]^cq>halitis; 291*0 Alcohol Wiflidrawal Delirium 



10 



15 



Delirium Not Otherwise Specified 



Dementia of the Alzheimer's Type 
Subtypes: 

With Early Onset (onset of tiie demmtia is age 65 years or under) 
With Late Onset (onset of the dementia is after age 65 years) 



780.09 



294.1X* (*ICD-9-CM code) 



Without Behavioral Distuibance 
With Behavorial Disturi>ance 



294.10 
294.11 



20 



25 



Vascular Dementia 
Subtypes: 
Witii Delirium 
Witii Delusions 
With Depressed Mood 
With Behavioral Distmbance 
Uncomplicated 

Dementia Due to HIV Disease 



290.4X 

290,41 

290.42 

290.43 

Uncoded 

290.40 

294.1X* (*ICD-9-CM code) 



Dementia Due to Head Trauma 



294.1X* (*ICD-9-CM code) 



30 Dementia Due to Paridnson*s Disease 



294.1X* (*ICD.9-C»4 code) 
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Dementia Due to Huntington's Disease 294. Ix* (*ICD-9-CM code) 

Dementia Due to Pick*s Disease 290. Ix* (*ICD-9-CM code) 

5 Dementia Due to Creutzfeldt-Jakob Disease 290.1x* (*ICD-9-CM code) 

Dementia Due to Other General Medical Conditions294.1x* (*ICD-9-CM code) 
Code based on presence or abs^tice of a clinically significant bdhavioral 
disturbance: 

10 Without Behavioral Disturbance 294. 10 

With Behavioral Disturbance 294.1 1 

Substance-Induced Persisting Dementia 

Code [Specific Sub5tance]-Induced Persisting Dementia: 
15 (29L2 Alcohol; 292.82 Inhalant; 292.82 Sedative, Hypnotic, or Anxiolytic; 

292.82 Other [or Unknown] Substance) 

Dementia Due to Multiple Etiologies 

Coding note: Use multiple codes based on specific dementias and specific 
20 etiologies, e.g., 294. 1 0 Dementia of the Alzheimer's Type, With Late Onset, 

Without Behavioral Disturbance; 290.40 Vascular Dementia, Unconq[>licated. 

Dementia Not Otherwise Specified 294.8 

25 Amnestic Disorder Due to a General Medical Condition 294.0 
Transient or Chronic 

Substance-Induced Persisting Anmestic Disorder 

Code [Specific Substance]-Induced Persisting Amnestic Disorder 
30 291.1 Alcohol; 292.83 Sedative, Hypnotic, or Anxiolytic; 292.83 O&er [or 

Unknown] Substance 
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Amnestic Disorder Not Otherwise Specified 294.8 

CogDitive Disorder Not Othenvise Specified 294.9 

5 

Age-Related Cognitive Decline 780.9 

Bxamples of cognitive disorders due to various etiologies^ or associated with various 
disorders, of particular interest that can be prevented or treated using the conq)Ounds of 

10 the present invention include: enhancing cognitive functions and executive functioning 
(ability to plan, initiate, organize, cany out, monitor, and correct one's own behavior) in 
normal subjects or in subjects exhibiting cognitive dysfunction; trealment of cognitive 
and attentional deficits associated wifli prenatal exposure to substances of abuse 
including, but not limited to, nicotine, alcohol, methamphetamine, cocaine, and heroin; 

IS tieatmCTt of cognitive inq)a]rment caused by chronic alcohol and drug abuse (substance- 
induced persisting dfflientia), medicament side efifects, and treatment of drug oraving and 
withdrawaU treatment of cognitive deficits in Down's Syndrome patients; treatment of 
deficits in normal memory fimctunmg comorbid with megor dqiressive and bipolar 
disorders; treatment of cognitive inQjainnent associated witfa depression, mmtal 

20 retardation, bipolar disorder, or scliizophreaia; treainrant of dementia syndromes 

assodated with mania, conversion disorder, and maling^ing; trealment of problems of 
attentioii, prefironlal executive function, or memory due to head trauma or st^ 
treatment of cognitive dysfimcticm in menopausal and post-menopausal women and in 
women undergoing hormone replacement therapy; treatment of cognitive deficits and 

25 fatigue due to, or associated with, cancer and cancer tfaa::^ies (cognitive deficits are 
associated with a variety of cancer treatments, including oranial radiation, conventional 
(standard-dose) chemother£q}y, hi^-dose chemotherapy and hemalopoietic (bone- 
marrow) tran^lantation, and biologic agents). 

30 Compounds of the present invention are also useful in a method for treating a patient 
suffering fitxm or susceptible to psychosis, comprising administering to said patient an 
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effective amount of a first componCTt which is an antipsychotic, in combination with an 
effective amount of a second component which is a compound of jfomoiula (I). The 
invention also provides a phaimaceutical composition which comprises a first component 
that is an antq}sychotic, and a second c(nnponent that is a compound of formula (I). In 
S the general expressions of this aspect of the present invention, the first componmt is a 
compound that acts as an antipsychotic. The antipsychotic may be either a typical 
antipsychotic or an atypical antip^chotic. Although both typical and atypical 
antq>sychotics are usefiil for these methods and formulations of the presat invention^ it is 
preferred that the first component compound is an atypical antipsychotic. 

10 

Typical antipsychotics include, but are not limited to: Chloipromazine, 2-chloro*10-C^ 
dimethylaminoprop-yOphenothiazine, is described in U.S. Patent 2,645,640. Its 
pharmacology has been reviewed (Crismon, Psvchonhaima-coL Bui.. 4, 151 (October 
1967): Droperidol, l-(l-[3-(p-fluorobenzoyl)propyl]-l,2,3,6-tetrahydro-4-pyridyl)-2- 

15 benzimidazolinone, is described in U-S. Patent 3,141,823; Haloperidol, 4-[4-(4- 

cMorophenyl)-4-hydioxy-l-piperidinyi3-l-(4-fluorophenyl)-l-butanone, is described in 
U.S. Patent 3,438,991 . Its therapeutic eflScacy in psychosis has been rq)orted (Beresford 
and Ward, Dmgs. 33, 31-49 (1987); Thioridazine, l-hydroxy-10-[2-(l-methyl-2- 
pyridinyl)ethyl]-2-(methylthio)phenothiazine hydrochloride, was described by Bouiquin^ 

20 et aI. fHelv. Chmi. Acta, 41, 1072 (1958)). Its use as an antipsychotic has bem r^rted 
(Axelsson, et al., Curr. Ther, Res,. 21, 587 (1977)); and Trifluoperazine, 10-[3-(4.meth)d- 
l-piperazinyI)-prq>yI]-2-trifluoromethylphentfuaz]ne hydrochloride^ is described in U.S. 
Patent 2,921,069. 

25 Atypical antipsychotics include, but are not limited to: Olanz^ine, 2-me%M"(4- 

methyl-l-piperazinyI)-10H-tbiaio[2,3-b][l,5]benzodiazepine, is aknovm compound and 
is described in U.S. Patmt No. 5,229,382 as being usefiil for the treatment of 
schizophrenia, schizophreniform disorder, acute mania, mild anxiety states, and 
psychosis; Qozapine, 8-chloro-ll-(4-methyH-piperazinyl)-5H- 

30 dibenzo[b,e][l,4]diazepine, is described in U.S. Patent No. 3,539,573. Clinical efBcacy 
in the treatment of scbizophrraia is described (Hanes, et al., PsvchonhairoacoL Bull.. 24, 
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62 (1988)); Risperidone, 3-[2-[4-(6-fluoro-l,24>CTzisoxazol-3-yl)piperid^ 
m^3d-6,7,8,9-tetiahydr(>-4Hi>yrido[l,2-a]pyn^ and its use in flie treabnat 

of psychotic diseases are described in U.S. Patent No. 4,804,663; Sertindole, l-[2-[4-[5- 
chloio-l-(4-fluoiophenyl)-lH-indol-3*^>i-piperidinyl]etfayl^ is 
5 described in U.S. Pat»t No. 4,710,500. Its use in the treatmot of schizoplirema is 
described in U.S. Patent Nos. 5,1 12,838 and 5,238,945; Queti^ine, 5-[2-(4- 
dibenzo[b4][l»4]tiuazepin-l l-yl-l-piperazinyl)ethoxy]ethanol, and its activity in assays 
which demonstrate utility in the treatment of schizophrenia are described in U.S. Patent 
No. 4,879,288. Quetiapine is typically administered as its (E>2-hiitenedioate (2:1) salt; 

10 Ziprasidone, 5-[2-[4-(l,2-benzoisothiazol-3-5d>l-pipera2inyl]ethyl]-6-chloro-13- 
dihydTO-2H-indol-2-one, is typically administered as the hydrochloride monohydrate. 
The con^und is described in U.S. Patent Nos. 4,83 1 ,03 1 and 5312,925, Its activity in 
assays whidi demonstrate utility in ttie treatment of schizophrenia are described in U.S. 
Patent No. 4,831,031; and Aripiprazole (Abihfy™), 7-[4-[4-(23-dichtorophenyl)-l- 

15 piperaanyl]butoxy]-3,4-dihydrocarbostyril (U.S. Patents 4,734,416 and 5,006,528) is a 
new antipsychotic indicated for the treatm^ of schizophrenia. 

It will be undCTStood that while the use of a single antq>sychotic as a first compon^t 
CQiqpound is prefened, combinations of two or more antipsychotics may be used as a first 
20 component ifnecessary or desired. Similarly, vdiile the use of a sixigle compound of 
formula (]) as a second conq)onent conq)ound is preferred, combinations of two or more 
compouruis of formuk (I) may be used as a second ooinponerit if nec^^ 

While all combinations of first and second oomponent confounds are useful and 
25 valuable, certam combinations are particulariy valued and are preferred, as follows: 

olanzapine/compound of formula (J) 

clozapine/compound of formula (I) 

risperidone/compound of formula (J) 

sertmdole/compound of formula (I) 
30 quetiapine/compound of formula (I) 

ziprasidone/coiiq)ound of formula (I) 
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aripiprazole/compound of fonnula (I) 

In general, CQmbinatioiis and methods of treatmmt using olanzs^ine as the first 
component are prefmed. It is especially prefeired that when the first component is 
5 olanzapine, it will be the Form n olanzapine as desciibed in U.S. Patent 5,736,541 . 
Although Form 11 olanzapine is preferred it will be understood that as used herein, the 
tenn "olanzapine^ embraces all solvate and polymorphic fonns unless specifically 
indicated. 

1 0 Conditions that can be treated by the adjunctive therapy aspect of the present invention 
include schizophrenia, schizophrenifonn diseases, bipolar disorder, acute mania, and 
schizoaffective disorders. The titles given these conditions represent multiple disease 
stales. The following list illustrates a numba* of these disease states, many of which are 
classified in the DSM'IV-TR™. The DSM-IV-TR™ code numbers for these disease 

15 states are supplied below, when available, for the convenience of the reader. 



Paranoid Type Schizophrenia 295.30 

Disorganized Type Schizophrenia 295.10 

Catatonic Type Schizophrenia 295.20 

20 UndifiTerentiated Type Schizophrenia 295.90 

Residual Type Scliizoidirenia 295.60 

Schizophrenifoim Disorder 295.40 

Schizoaffective Disorder 295,70 



25 The present invention also enconq>asses the use of one or mc»re compounds of formula (I) 
in combination with one or more conventional Alzheim^'s agents for the prevention or 
Ix^atmentofcognitivedysfimction in patients suffering fix)mj^^ The 
invention also provides a pharmaceutical composition which comprises a first component 
Hxat is a conventional AMeimer's agent and a second component that is a compound of 

30 formula (I). ConvmtionalAlslieimer's agents include inhibitors of acetylcholine 

degradation (i.e., cholinesterase or acetylcholinesterase inhibitors) within synapses, e.g., 
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donepezil (Aricept®), xivastigmme (Exelon®), galantamine (Remin^®), and tacrine 
(Cognex®); Ae selective monoamine oxidase inhibitor selegiline (Eldepryl®); and 
memantine (Namenda a newly FD A-q)proved NMD A receptor antagonist for the 
treatment of moderate to sevoe Alzheimer's disease. Modafinil (Provigil®) is also used 
5 in the treatment of Alzheimer's disease. 

The present invention also encompasses tiie use of one or more compounds of formula (T) 

in combination with one or more conventional Paikinson's agents for the treatment of 

cognitive dysfunction in Parkinson's disease. The invention also provides a 
10 pharmaceutical composition which comprises^ first component that is a conventional 

Parkinson's agmt and a second component that is a compound of formula (I). 

Conventional Parkinson's agents include levodopa; levodopa/carbidopa (Sinemet®); 

Stalevo (caibidopaAevodopa/entacapone); dopamine agonists, e.g., bromocriptine; 

Mir^ex® (pramipexole), Pennax® (pergolide), and Requip® (ropinirole); COMT 
15 inhibitors, e.g., tolcapone, and entacapone; Selegiline (Deprenyl®; Eldepryl®); 

propranolol; primidone; anticholinergics, e.g., Cogentin®, Artane®, Akineton®, 

Disipal®, and Kemadrin®; and amantadine. 

hi eadi of the combination treatments mentioned above, said first and second conqmnents 
20 may be administ^ed simultaneously, separately or sequentially. Similarly, said 

compositions enconq>ass combhied preparations for simultaneous, sq>arate or sequential 
use. 

The lean 'treatment" as used herein refers to both curative and prophylactic treatment of 
25 disorders associated with norepinephrine dysfunction. Thus, the tern "treatment'^ is 
intended to refer to all processes wherein there may be a slowing, interrupting, arresting, 
controlling, or stopping of the progression of the disorders described herdn, but does not 
necessarily indicate a total elimination of all symptoms, and is intended to include 
prophylactic and therapeutic treatment of such disorders. 

30 
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The coixq>oimds of the present invention are also indicated for the treatment of disoiders 
which are ameKorated by an increase in Ike amount of norepinephrine neurotransmitter 
within the synaptic cleft of a mammal above that which would be considered to be noraial 
or desirable for the mammalian species, or an individual within the species, in question. 

5 

Jn another embodiment of the presmt invention, there is provided a phannaceutical 
composition coniprising a compound of formula (I) or a phannaceutically acceptable salt 
thereof together with a pharmaceutically accq)table diluent, excipient or carrier. 

10 In another embodiment of the present invention, there is provided a compound of fonnula 
(I) or a phannaceutically acceptable salt thereof for use in ther^y. 

In another embodiment of the present invention, there is provided a compound of formula 
(I) or a pharmaceutically acceptable salt thereof for use as an inhibitor of the rezq)take of 
1 5 norepinqjhrine. Preferably such inhibition occurs within mammahan cells (including 

mammalian cell membrane preparations), especially those found within the central and/or 
peripheral nervous system. More preferably such inhibition occurs within the ceUs of the 
central nervous system of a mammal, especially a human, in need thereof. 

20 In another embodiment of tilie present invention there is provided a compound of formula 
CO or a pharmaceutically acceptable salt thereof for treating disorders associated with 
norqiinephrine dysfunction in mammals. 

In another embodiment of the present invention, there is provided flie use of a conq)Ound 
25 of formula (T) or a pharmaceutically acceptable salt thereof for the manufacture of a 
medicament for inhibiting the reuptake of norepinephrine. 

In another embodiment of the present invoation, there is provided the use of a compound 
of fonnula (I) or a pharmaceutically acceptable salt diereof for the manufacture of a 
30 medicament for the treatment of disorders associated with norepinephrine dysfunction in 
mammals. 
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Id another embodiment of the present invention, there is provided a mettiod for inhibiting 
the reuptake of norepinepbiine in mammals comprising administering to a patient in need 
fliereof an effective amount of a conqx>mid of formula (I) or a pharmac^cally 
5 acceptable salt tfiereof. 

In another embodiment of the present invention, tiiere is provided a mediod for treating 
disorders associated with norepinq)hrine dysfunction in mamTnals conqmsing 
administ^ing to a patient in need &^eof an efTecti ve amount of a compound of formula 
10 (I) or a pharmaceutically acceptable salt thereof 

The present invention inchides the pharmaceutically acc^table salts of the compounds of 
fonnula (I). Suitable salts include acid addition salts, including salts formed witib 
inorganic acids, for exan^le hydrochloric, hydrobromic, nitric sulphuric or pho^horic 

IS adds, or with organic adds, such as organic carboxylic or organic sulphonic adds, for 
example, acetoxybrazoic, citric, glycoUc, mandelic-1, mandelic-dl, mandelic-d, maleic, 
mesotartaric m<mohydrate, hydroxymaldc, fumaric, lactobionic, malic, 
metfaanesulphonic, nq>sylic, naphtfaalenedisulfonic, napbtoic, oxalic, pahnitic, 
phenylacelic, propionic, pyridyl hydroxy pyruvic, sahcylic, stearic, succinic, sul&nilic, 

20 taitaric-I, tartatic-dl, tartaricKi, 2-hydroxyefhane su^honic, tolume-p-su^lKmic, and 
xinafoic adds. 

The conqsounds of the present invention may be used as medicaments in human or 
veterinary medicine. The compounds may be administered by various routes, for 
25 example, by cnal or rectal routes, topically cm- parenterally, for example by injection, and 
are usually employed in the form of a pharmaceutical conq)Osition. 

Such compositions may be prepared by methods well known in the pharmac^cal art 
and normally conqnise at least one active compound in association widi a 
30 phamiaceutically accq)table diluent, excipirat or carrier, in making tiie compositions of 
the present invmtiori, the active ingredmt will usuaUy be niixed with a carrier or dil^ 
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by a canier, and/or enclosed within a carrier which may, for exairple, be in the form of a 
c^sule, sachet, or other container. Whae flie carrier serves as a diluent, it may be 
solid, semi-solid, or liquid matmal which acts as a vehicle, excipient or medium for the 
active ingredient. Thus, the coxiq>osition maybe in the form of tablets, lozrages, sachets, 
5 cachets, elixirs, suspensions, solutions, syrtqps, aerosols (as a solid or in a liquid medhun), 
ointments contaiziing, for example, iq) to 10% by weigjit of the active compound, soft and 
hard gelatin c^sules, suppositories, injection solutions and suspensions and sterile 
packaged powders. 

1 0 Some examples of suitable carriers are lactose, dextrose, vegetable oils, benzyl alcohols, 
alkjdene glycols, polyethylene glycols, glycerol triacetate, gelatin, carbohydrates such as 
starch and petroleum jelly, sucrose sorbitol mannitol, starches, gum acacia, calcium 
phosphate, alginates, tragacanth, gelatin, synq), methyl ceUulose, methyl- and propyl- 
hydrobenzoate, talc, magnesium stearate and mineral oil. The compounds of formula (I) 

15 can also be lyophilized and the lyophifizates obtained used, for example, for the 

production of injection preparations. The preparations indicated can be sterilized and/or 
can contain auxiliaries such as lubricants, preswvatives, stabilizers and/or wettinig agents, 
emulsifiers, salts for affecting the osmotic pressure, buffer substances, colourants, 
flavourings and/or one or more furflier active compounds, e.g, one or more vitamins. 

20 Compositions of the invention may be formulated so as to provide, quick, sustained or 
delayed release of the active ingredient after administration to the patient by employing 
procedures well known in the art. 

The compositions are preferably formulated in a dosage unit form, each dosage unit 
25 containing from about 5 to about 500 mg, more usually about 25 to about 300 mg, of the 
active ingredient. The term "dosage unit form" refers to physically disCTete units suitable 
* as unitary doses for human subjects and other mammals, each unit containing a 
predetermined quantity of active matmal calculated to produce the desured thers^eutic 
effect, in association with a suitable pharmaceutical carrier. 

30 
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Compounds of the present invenlicm may be prepared by conveatioDal organic chemistry 
tedmiques. General schemes outlining the syrithetic routes to conipoimds 
invention are described below. For clarity, Rx, Ry and Rz are shown as H, however, it 
will be appreciated ibat analogous methods could be appfied for other possible identities 
5 ofRx,RyandRz. 

The intennediates of fixrmulae P0» (XI), (Xn), (XV) and (XVI) maybe prepared as 
shown below (where P represents a N-protecting group and R7 and R8 , ^ch may be the 
same or different, each represent Cl-C4a]kyl (optionally substituted wifli one OMe 
10 group), or, taken together with the N atom to which they are attached, form a pyrrolidine, 
piperidine or morpholine ring): 




(XV) (XVI) 



N-protected ethanolamine is reacted with 2-chloroa^lonitrile to give a Michael adduct 
which is fbsn treated in situ with a base, such as potassium t-butoxide, to give a 

15 compound of formula (X). The compound of formula (X) may thenbe hydrolysed in 
H2S04/eflianol to give die ester of formula (XI). This in turn may be converted into Hie 
Wdnreb amide of formula (XII) by adding a solution of (XI) to apreroixed solution of 
j\r,JSr'-<]imethylhydroxylamine and trnnefhylaluminium. Alternatively, the compound of 
formula (?Q may be hydrolysed in H2O/HCI to give the add of formula (XV). This in turn 

20 may be converted into tfie amide of formula (XVI) by reacting a solution of (XV) with 
oxalyl dilonde or SOCI2 to provide an acyl chloride which is then reacted mib an amine 
of the formula R7R8NH such as dimeth^amine or morpholine. The preferred 



BNSOOCIO: <WO__2mS047272AlJ_> 



wo 2005/047272 



PCT/US2004/032771 



-36- 



^Eiantiomers of the amides (XD) and PCVI) shown below may be obtained by chiral 
chromatography. 

(fx cf^r 

I 1 
P P 

pcn)b 

Suitable N-protecting groups will be known to the person skilled in the art. Further 
information on suitable N-protecting groups is contained in the well known text 
'•Protective Groups in Organic Synthesis", Theodora W. Greoie and Peter G.M. Wuts, 
John Wiley & Sons, Inc., New York, 1999, pp.494-653. Benzyl is an especially preferred 
N-protecting group. 



10 N-protected cortq>ounds of formula (J) wherein X is NH2 niay be prepared from 
compounds of formula (X) as shown below: 




not isolated 



In route A the intemiediate (X) is treated with an excess of the Grignard reagent 
ArlCH2MgBr to provide an N-protected compound of fonnula (I) wherein X is NH2 and 
15 Rl is CH2Ar2 wherdin Ar2 ^ ArL In route B the intermediate (X) is treated wifli one 
eqxuvalent of the Grignard reagent RlMgBr followed by one equivalent of the Grignard 
reagent Ar 1 CH2MgBr to provide an N-protected compound of formula (J) wherein X is 
NH2. Alternatively, the Grignard reagent Ar lCH2MgBr may be added first followed by 
RlMg^r. Preferably, a Lewis acid such as titanium isopropoxide is added to the reaction 
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mixtme in between addition of tiie Grignard reagents (see Charette, AJB.; Gagnon, A; 
Janes. M; Mellon, C; Tetrahedron Lett, 1998, 39(29), 5147-5150 and CSiarette, A-B.; 
Gagnon, A; Tetrahedron: Asynnnetry, 1999, 10(10), 1961-1968). 



10 



N--proteGted compomids of fonnda (I) wherein X is OH and 

Arl may be prepared from compounds of fonnula (XI) as shown below: 



I 
p 

(XD 




i 
P 



Intermediate (XI) is treated with an excess of tbe Grignard reagent ArlCHzMgBr to 
provide an N-protected compound of formula Q) wherein X is OH and Rl is CH2Ar2 
wherein Ar2== Arl. 



N-protected cowpomds of formula (I) wherein X is OH may be prepared fiom the 
Weinreb amide of formula (XII) or the amide of formula (XVI) as shown below: 




p 



(XVI) 

15 To a solution of (XS) or (XVI) is added a solution of the requisite Grignard reagrat 
RlMgBr to provide, on work a compound of formula (Xm). When the reaction is 
conducted using the preferred oantiomers (XII)b or (XVQb it proceeds with retention of 
stereochemistry to provide (Xin)b. 
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p 

(xni)b 



To a solution of the ketone of fonnula (XES) is added a solution of tiie Grignard reagent 
Arl CHsMgBr to provide an N-protected compound of fonnula (I) wherein X is OH. 
Wbsn the reaction is conducted using the preferred aiantiomer (XIQ fb the reaction 
5 proceeds stereoselectively to provide an N-protected compound of fonnula (E) wherein X 
is OH. 




p 



The ketones of formula (XEQ may also be obtained via a different route as shown below: 

OH OH o 

P P P P 

(xni) 

10 A solution of N-protected moipholinone is treated with a strong base such as lithium 
diisopropylamide. To this solution is added an aldehyde RICHO. Reduction of the 
moipholine carbonyl group using, for exanqjle, borane-THF complex followed by 
oxidation of the alcohol using, for example, Swem oxidation conditions, provides a 
compound of formula pcm) which can be reacted onward as described in the previous 

1 5 scheme to provide a N-protected compound of fonnula (J) wh^ein X is OH. 

N-protected compounds of the present invention wherein X is C1-C4 alkoxy, may be 
synthesized by standard alkylation of the N-protected compounds of formula (I) wherein 
X=OH as shown below: 
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HO,/ (i) strong base RQ / 



R1 



w (i; auuiiij woe; \/ 

N 

P P 

Suitable strong bases will be known to the person skilled in the art and include, for 
exan5)le, sodium hydride. Similarly, suitable alkylating agaits will be known to the 
person skilled in the ait and include, for ©ample, C1-C4 alkyl halides such as methyl 
iodide. 



N-protected tompomids of the present invention wherein X is NH(C 1-C4 alkyl), may be 
synthesized by treatment of a compound of formula (I) wherein X = NH2 under reductive 
alkylating conditions or using suitable alkylating agents known to the person skilled in 
10 the art including, for exaiiq)le, C1-C4 alkyl halides such as mefiiyl iodide. 

N-i^tected confounds of &e present invention may be elaborated iq>on using standard 
organic chemistry to provide fur&er N-protected compounds of the presmt invention. For 
example, organometallic type couplings betwem an Arl-Br derivative and a 
15 phenylboronic acid as shown below can provide Arl -phenyl derivatives. 




6 



Pd 



Compounds of formula (I) may be obtained by deprotection of the N-protected 
intermediates as shown below: 






(I) whmin Rx, Ry and Rz » H 
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Further information on suitable deprotection methods is contained in the well known text 
*Trotective Groups in Organic Synthesis" referenced above. 

Thus, in another embodiment of the present invention 4ere is provided a process for the 
preparation of compounds of formula (I) compiising the step of deprotecting a compound 
ofthefonmula(XIV) 



Rz 



Rz 

Rz r Rz 
P 

(XIV) 

wherein P rqpresents a N-piotectiiig group and all other variables are as defined for 
fonnula (I) above, to provide a compound of formula CO, optionally followed by the st^ 
of forming a phannaceutically acceptable salt. 



Exanq)les of con^tmds of the present invention may be priq)aied by conventional 
organic chemistry techniques from iyr-benz)d-4norpholine-2-caiboxy]ic add ethyl ester 1 
IS or J\M}enz)dmorphoIinone as outlined in Schemes 1-4. 

o' a" 

2 3|o10,77antf82 

Scheme 1 

Conversion of 1 into Weinreb amide 2 followed by treatment with a suitable Grignard 
reagent leads to ketones of fonnula QCSH) wherein P is benzyl as listed in Table 1. 

20 
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fM 


wo 111 pu unutt 


metnyi 


O 


cutyt 


A 


iSQDroDVl 


5 


isobutyl 


6 


cydopentyl 


7 


tetrahydrbpyFanyl 


8 


3,3,3-trifluoropropyl 


9 


4,4,4-trifluorobutyl 


10 


cydopropyl 


77 


n-butyl 


82 



Table 1 

Cyclopropyl-substituted ketone 77 may alternatively be obtained from N-benzyl 
moipholinone as outlined in Scheme 2. 

OH OH O 

75 76 77 

Scheme 2 

Treatment of fhe ^-benzyl-morpholinone with a sttong base such as litbimn 
diisopxopylamide followed by addition of cyclopropyl methylaldebyde gives 75. 
Reduction of 75 with, for exanq)le, boiane-THF complex gives 76. Addition of a solution 
of 76 to a pr&-mixed solution of dimediylsulfoxide and oxalyl chloride provides 77. 

Reaction of ketones listed in Table 1 with a suitably substituted benzyl Grignard reagent 
gives N-benzyl substituted t^tiaiy alcohols listed in Table 2 (wherein R2, RS and R6 are 
H unless otherwise indicated) as outlined in Scheme 3. 




Scheme 3 
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Debenzylation and salt foimadon as detailed in Scheme 4 leads to the tertiary alcohol 
salts listed in Table 2 (wherein R2, R5 and R6 are H unless otherwise indicated). 




Scheme 4 

5 
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Example 


R1 


R2,R5.R6 


Compoumtf 

(N-Benzyl 
intermediate) 


Compouncl# 
(HCI Salt) 


1 


methyl 


2-Ph 


11 


12 


2 


ethyl 


2-OMe.5-F 


13 


14 


3 


.ethyl 


2-OCFs 


15 


16 


4 


ethyl 


2-Ph 


17 


18 


5 


isopropyl 


2-OMe. 5-F 


19 


20 


6 


isopropyi 


2-OMe 


21 


22 


7 


isopropyl 


2-OEt 


23 


24 


8 


isopropyl 


2-OCF3 


25 


26 


9 


isopropyl 


2-Ph 


27 


28 


10 


isopr<^yl 


2-Ph. 5-F 


29 


30 


11 


isotnityl 


2-OMe. 5-F 


31 


32 


12 


isobutyl 


2-OEt 


33 


34 


13 


isobutyl 


2-OCF3 


35 


36 


14 


isobutyl 


2-Ph 


37 


38 


15 


isobutyl 


2-Ph. 5-F 


39 


40 


16 


cyclopentyl 


2-OMe. 5-F 


41 


42 


17 


cydopentyl 


2-OEt 


43 


44 


18 


cyclopentyl 


2-OCF3 


45 


46 


19 


cydopentyl 


2-Ph 


47 


48 


20 


cyclopentyl 


2-Ph. 5-F 


49 


50 


21 


tetrahydfopyiany 


2-OMe. 5-F 


51 


52 


22 


tetrahydropyranyl 


2-OCF3 


53 


54 


23 


tetrahydropyranyl 


2-Ph 


55 


56 


24 


tetrahydropyranyl 


2-(3-F-Ph) 


57 


56 


25 


3,3,3-trifluoropropyl 


2-OMe. 5-F 


59 


60 


26 


3.3.3-trTfluoropropyl 


2-OCF3 


61 


62 


27 


3.3,34rifluoropropyl 


2-Ph 


63 


64 


28 


4,4,4-trifluorobutyl 


2-OMe, 5-F 


65 


66 


29 


4,4;4-trifluorobutyl 


2-Ph 


67 


68 


30 


cydopropyl 


2-OMe 


69 


70 


31 


cydopropyl 


2-OEt 


71 


72 


32 


cydopropyl 


2-Ph 


73 


74 


35 


n-butyl 


2-OMe 


83 


84 


36 


n-butyl 


2-Ph 


85 


86 


37 


isobutyl 


2-CI.6-F 


87 


88 


38 


isobutyl 


2-CI 


89 


90 



Table 2 
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The compounds of Examples 1 to 32 and 35 to 38 can be obtained in enantiomerically 
pure fonn via this route using chirally pure ester 1. Resolution of 1 into its enantiomers 
can be achieved throu^ chiral HPLC. Conversion of the ester to &e Weinreb amide does 
not distuib the chiral center titius providing chirally pure amide 2. Conversion of the 
5 Weinreb amide to the ketone also does not distuib the chiral center thus providing chirally 
pure ketones 3 to 10, 77 and 82. Altematively, chiral sq>aration may conducted on the 
amide 2 fhrou^ chiral HPLC to provide its enantiomers. Alternatively, chiral separation 
may conducted on the ketones 3 to 10, 77 and 82 throu^ chiral HPLC to provide their 
enantiomers. Chiral separation of the ester, amide or ketones may also be achieved by 

10 other techniques known to those skilled in the art, such as fractional crystallization of 
diasteromeric salts formed with chiral acids. Addition of the benzyl Grignard reagent 
(Scheme 3) is a stereoselective process and gives predominantly one diastereomer with 
only small amounts of the second diastereomer. No epimerisation is observed during 
removal of the benzyl group. Alternatively, enantiomerically pure products are obtained 

1 5 through conversion to an N-protected analogue such as butyloxycaibonyl or 

carbobenzyloxy followed by separation by chiral HPLC. Removal of the N-protecting 
group leads to enantiomerically highly enriched products. 

M the experimental procedures described below ttie following abbreviations are used: 
20 HPLC - high performance liquid chromatography 

THE = tetrahydrofiiran 

2-MeTHF = 2-mefliyltetrahydrofuran 

DIB ALH ^ diisobutyl aluminium hydride 

DCM ^ dichloromefhane 
25 FIA"^ (or FIA-MS) = fest-ionisation-analysis mass spectrometry 

LCMS = liquid chromatogn^hy mass spectroscopy 

NMR = nuclear magnetic resonance 

MW = molecular weight 

MeOH = methanol 
30 EtOAc or AcOEt = ethyl acetate 

PS-DIEA = polymer-supported diisopropylethylanune 
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DEA = diethylamine 
Rt= retention time 
cbz = carbobenzyloxy 
h, far or his =faonr or hours 
5 minor nuns = minute or niinutes 
ee = enantiomeiic excess 
de = diastereomeric excess 
eq or equiv. = equivalent 
ACN = acetonitrile 
10 DMF = dimefliylfonnamide 

DMEA = N,N-dimetfayleaianolaniine 
NHaaq = 25 wt% aqueous animonia 
Tmass = temperature of the reaction mixture 

1 5 The analytical LCMS data reported refers either to: 

(i) a 6 minute run, performed on a column (CI 8 50x3 mm 5^m) using a gradient [90% 
H2O (+ 0.04% formic acid) to 90% ACN (+ 0.04% formic acid)] over 4 minutes and thra 
hold for 2 minutes; or 

(ii) a 12 minute run, performed on a column (CI 8 100x3 mm Spm) using a gradient [90% 
20 H20(+ 0.04% formic acid ) to 90% ACN (+ 0.04 % formic add)] over 9 minutes and then 

hold for 3 minutes. 

General Synthetic Procedures for the Preparation of Examples 1 to 32 and 35 to 38 

25 General Procedure 1: Preparation of N-benzyl morpholine aD^l ketones 

To a solution of the carboxamide 2 in anhydrous THF at O^C is added a solution of the 
requisite Grignard reagent (1 2-3 eq in one or two aliquots). The reaction mixture is 
allowed to warai up to room taiq)erature and left stirring for 45 minutes to 2 hours before 
quenching either with IM hydrochloric acid or saturated ammonium chloride solution and 
30 extracting eittier in DCM or ethyl acetate. The combined organic layers are dried over 
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magnesiiim su^hate, filtexed and concentrated in vacuo to give the corresponding alkyl 
ketones 3-10, 77 and 82. 

Genend Procedure 2: Prq>aration of N-benz)rl tertiary alcohols 

5 

To a solution of the ketones 3-10, 77 and 82 in anhydrous THF at 0»C is added a solution 
of the requisite benzyl Giignard reagent (1.1-1.5 eq). The reaction mixture is aUowed to 
warm vp to room temperature and left stirring for 1-2 hours before quenching by addition 
of cold water. After extraction of the aqueous layer in DCM, the combined organic layers 
10 are washed with brine, dried over magnesium sulphate, filtered and concentrated in vacuo 
to give the title N-benzyl tertiary alcohols. Purification details are listed for individual 
conq>ounds. 

General Procedure 3: Debenzylation of N-benzyl tertiary alcohols 
15 To a solution of the requisite N-benzyl tertiary alcohol in anhydrous DCM is added solid 
supported Hunig's base (Argonaut, 3.56 mmol/g, 2-4 eq) and a-chloroethyl 
chloroformate (3 to 10 eq) at room tempaanire under nitrogen. The reaction mixture is 
heated to 40»C and the reaction is monitored by FIA* and LCMS analysis. After 
conq)letion the reaction mixture is filtered, and the resin washed wiA DCM. The 
20 combined organic phases are concentrated in vacuo. Methanol is added and the solution 
heated to 60»C for 1.5 to 8 hours. After complete consunq>tion of starting material the 
methanol solution is evaporated to give a product, which is ftirther purified as detailed for 
individual compounds. 

25 General Procedure 4: Conversion of amines into hydrochloride salts 

To a solution of the requisite amine m dry diethyl ether (5-10 mL) is added hydrochloric 
add (U eq, IM sohrtion in diethyl ether). Ether is blown off with a stream of nitrogen or 
removed in vacuo and the samples were eifter dried under hig^ vacuum for several hours 
or fieeze-dried (acetonitrile/water 1/1 [v/v]) to give the hydrochloride salts in near 
30 quantitative yield. 
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General Procedure 5: Preparation of Grignard reagents and benzyl Grignard 
reagents 

Such reagents were prepared ftom the requisite haKde or benzyl halide using mettiods 
known to those skilled in the art (see for example Fieser, L.F. and Fieser, M.F. '^Reagents 
5 for Organic Synthesis", John WUey and Sons bic. Vol. 1, pp. 415-424 or March, J. 
"Advanced Organic Chanistr/*, John Wfley and Sons Inc., 3"* Ed., pp. 558-561). The 
requisite halides or benzyl halides weae either commercially available or prepared using 
previously published Uterature methods. 

10 Preparation of Intermediates for the Synthesis of Examples 1-32 
4'Benzyl''mcrpholine'2'Carbonitriie 




A one-litre reactor with mechanical stirring, cooled by an ice bath, is charged with 
1 5 j\r-benzylethanolamine (1 72.2 g; 1 equiv. available from Aldrich Chemical Company). 2- 
Chloroacrylonitiile (100 g; 1 equiv. available from Aldrich Chemical Company) is added 
dropwise over 2 minutes. The teoq>erature is maintained betweea 23 °C and 29 ^C by 
means of the ice bath and subsequenfly a water bath at 15 ''C. After one nigiht stining at 
room temperature (water bath), the mixture is dissolved in tetrahydrofuran and transfeired 
20 to a 2 L reactor which is cooled to -5 °C by ice/N aCl bath. The total volume of 

tetrahydrofuran is L35 L. Potassium fert-butoxide (148 g; 1.1 equiv.) is added by portions 
over 1 hour, keeping the reaction tempCTature at 0±2 '^C. After 1 hour post-stirring at 0 
^'C, the mixture is quenched with saturated NaHCOa (500 mL). The aqueous layer is 
extracted with diethyl eth^ (500 mL). Organic layers are dried ova: MgS04 and 
25 evaporated to dryness. The title compound (149.8 g; 65%) is obtained after percolation of 
the 250 g dry residue on 1 kg of SiOi, eluting with the following gradient: 
5% AcOEt - 95% n-hq)tane 2,5 L 

1 0% AcOEt - 90% n-heptane 2 L 
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1 5% AcOEt - 85% n-hqjtane 2 L 

20% AcOEt - 80% n-heptane 5 L 

Altonatively, this intennediate maybe piq)ared as follows: 

A 1 600 L glass-lined reactor under N2 is successively loaded with 2-chloroacrylomtrile 
(33.2 kg, 379 moles) and toluoie (1 14 L) at 21»C. Then, N-benzylethauolamine (57 kg, 
377 moles) is added and the reaction mixture is post-agitated at nx>m tenq)eratuie for 
about 17 h. Then, the mixture is diluted with toluene (336 L), cooled down to about - 12 
"C and potassium t-butoxide (42.3 kg, 377 moles) is added in portions (10) maintaining 
about - 13 °C ^ Tmass £ about - 2 *»C. The mixture is post-agitated at about 0°C for 2.5 
h. then quenched by adding water (142.5 L) maintaining about 2 °C < Tmass < about 8 
"C. The aqueous layer is separated after 35 minutes of post-stirring allowing the mixture 
to reach 15 °C and the toluene layer is washed with water (142.5 L) and the aqueous layer 
is separated. The organic layer is then concentrated under reduced pressure (150 mbare) 
maintaining Tmass < 60 °C in order to distill 162 kg of toluene. The filtrates are then 
diluted with toluene (1 14 L) and treated with SiOj (Merck silica gel 60, 0.063-0.1 mm, 
74.1 kg) under agitation at room temperature for 1.25 h. Si02 is filtered and rinsed with 
toluene (2x1 14 L). Then, the filtrates are concaitrated undw reduced pressure (150 
mbais) maintaining Tmass S 60 °C in order to distill 35 1.8 kg of toluene. 
4-Beajyl'morphotine'2-carbtaQfUc add hydrodUaride (91) 



N 




A 500 mL reactor under Nj is successively loaded wilh tohiene (36.72 mL) and 2- 
chloroacrylonitrile (10.7 g, 122.23 mmol) at room temperature. Then, N-benzyl 
elhanolamine (18.36 g, 121.14 mmol) is added over 5 min and the reaction mature is 
post-agitated at room teiiq)erature for 16h. Then, the mixture is diluted with toluene 
(1 10.16 mL), cooled to - 5*C and 2M potassium fert-butoxide solution in THF (121.14 
mmol) is slowly added over 30 min, maintaining the tempaature at - 5 "C to 0 "C. The 
mixture is post-agitated at about -5°C to O'C for Ih, then quenched by adding water (45.9 
mL). The aqueous layer is separated and the toluene layer is wadied with water (45.9 
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mL) and then the mixture is allowed to warn to room t e xu p ta atm ie. The organic layer is 
then concentrated under reduced pressure at 40^C. Then, the mbcture is diluted with 
tohiene (100 mL) and extracted with 6N HQaq ( 1 62 mL). This aqueous layer is heated up 
to the refhix for lh30, then the mixture is allowed to stir at room tonperature overnight 
5 After crystallization of 91 , the solid is fihered, rinsed witih 6N HClaq (40 mL) and dried 
under reduce pressure at 40^C (19 g, yield = 61%). 
N'^enzyl'2^morplwM'4'<arbonyl)'morphoUne hydrochloride (92) 

C°/g 
(J " 

A 250 mL reactor under N2 is successively loaded with 91 (5 19.41 mmol), 
10 dichloroethane (SO mL), DMF (0.014 mL^ 1% mol) and oxa]}4 chloride (1.86 mL, 21.35 
mmol). The mixture is heated up to 60-65^C for 2h, before being cooled to O^C. Then, 
moipholine (6.93 g, 79.60 mmol) in diddoxoetbane (20 mL) is added over 15 min 
keeping the tenq>erature below lO^C. The heterogeneous solution is post-agitated for 
lh3Qmin at room tempoatuie and quenched with water (30 mL). The biphasic mixture is 
15 filtered on a Hyflo Super Cel(D (10 g), tiien after separation, the organic layer is 

concentrated under reduce pressure. The mixture is taken \sp with isopropanol (80 mL) 
and 12N HClaq (1 .61 mL, 19.41 mmol), stirred for lOmin and concentrated under reduce 
pressure. The mixture is taken iq) with isopropanol (13 mL), heated to reflux until a 
homogmeous solution is formed, then it is cooled to room temperature. The precipitate is 
20 filtered, rinsed with isopropanol (10 mL) and dried under vacuum at 40°C overnight to 
obtain 92 as an ofF-^^te powder with 79 % overall yield. 

i-Benzyl-morphtdmerl-carbaxyUc add ethyl ester (J) 




A stirred soliition of 4-benzyl-morpholine-2-carboiiitrile (11 3.0 g, 0.56 mol) in ethanol 
25 (1030 mL) is treated with concentrated sulphuric acid (165 mL) added in portions, 
(exothermic, internal tenQ>erature rises fiom ambient to 65 ^C). The mixture is then 
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warmed under reflux for 66hrs. The solution is cooled and then concentrated in vacuo to 
half volume, basified with aqueous potassium carbonate (beware jBrothing) and ttie 
product extracted into diethyl ether. The organic phase is dried over magaesium sulphate, 
filtered and evqxirated to dryness in vacuo to yield an oil. This material is evacuated 
5 further under high vacuum. Yield = 121. 3g (87%). 

Alternatively, compound 1 may be synfhesised as follows: 
A 1 00 L reactor attached to a scrubber filled with IN NaOH (60 L) is charged under 
nitrogen atmosphere with 4-ben2yl-moipholine-2-carbonitrile (1867 g, 9.23 mol) and 
ethanol (20 L). At Tmass = I5-20T, concentrated sulfuric add (2.76 L, 50 mol) is added 

10 to the solution over 20 min (highly exothermic). The solution is heated to reflux for 2.5 
days. Then, 10 L of solvent is distilled off under vacuum and the reaction mixture is 
cooled to Tmass = 20-25**C. Water (40 L) is added over 25 min foUowed by NajCOj 
solution (1/2 saturated, 18 L) and NaHCOs (1/2 saturated, 7 L) to reach a pH 7. Ethyl 
acetate is added (1 5 L) and the phases are mixed for 1 5 min. The organic phase is 

15 separated and the aqueous phase is extracted with ethyl acetate (2x10 L). The combined 
organic layers are evaporated to dryness under vacuum to give 1 as a yellow to brown oil 
(1992g, 87%) 

4'Benzyl^Oipholine''2'UUirbaxylic acid ethyl ester (lb) 

& 

20 Compound 1 may be separated into its enantiomers by chiral HPLC under the following 
conditions: Daicel Chiralpak OJ 20jim; 25cm; 100 % EtOH + 03 % DMEA; 0.4 mUmin; 
detection at 260 nm. The desired enantiomer lb is the peak eluting at Rj = 20.25 min. 
4-Benzyl-morphoUtte''2-carboj^lic add methaxy-methyl-amide (2) 
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To a stined suspensiGii of jy^-dimefhyfliydtoxylaxmne (6.6 g, 67.6 mmol) in anhydrous 
DCM (200 mL) under nitiogen at O^C is added dropwise a solution of 
tnmedi)4almnimum (2M solution in hexane» 34 mL» 67.6 nmiol) over 30 minutes. The 
reacdcm mixture is allowed to warm vp to room temperature and left stming for 1 hour. A 

5 solution of &e ester 1 (6.74 g, 27 mmol) in anhydrous DCM (100 mL) is Ihm added 
dropwise aver 3 0 minutes and die reaction mixture is left stining ovemi^ he£cm 
quenching by cautious addition of phosphate buffer (disodium hydrogen phosphate, pH 8) 
solution. The precipitate is removed by fittration tfarou^ a celite pad and tiie residue 
washed witii chloroform. The organic phase is thm concentrated in vacuo and washed 

10 with water. The aqueous layer is re-extracted witibi chloroform and the organic phases are 
combined, washed with brine, dried over magnesium su^hate and tiie solvent evsqporated 
in vacuo to give 2 as a yellow oil. Alternatively, the reaction could be work^ up as 
follows: iq>on addition of a solution of the ester 1 (1 eq) the reaction mixture is left 
stirring for 1 hour before quenching by addition of pho^hate buffer (disodium hydrogen 

15 phosphate, pH 8) solution, followed by addition of water. The aqueous layer is re- 
extracted with DCM and the organic phases are combined, dried over magnesium 
sulphate and the DCM evaporated in vacuo to give 2 as a yellow oil (336 g, 47 %). MW 



264.33; C14H20N2O3; NMR (CDCI3): 7.47-7.22 (5H, m), 4.55 (IH, d, 1.5 Hz), 4.00 
(IH, dd, 11.5 Hz, 1.7 Hz), 3.75 (IH, dt, 11.5 Hz, 2.2 Hz), 3.65 (3H, s), 3.56 (2H, m), 3.17 
20 (3H, s), 2.93 (IH, d, 11.3 Hz), 2.68 (IH, d, 11.3 Hz), 2.30 (2H, 113 Hz); LCMS: (6 min 
mediod) m/z 265 [M+Hf , Rr 0.65 min. 

4-B€nzyh'mojphoIine'2'Carimq^ add methoxy^ethyl-amide (2b) 



Compound 2 may be separated into its enantiomers by chiral HPLC under the following 
25 conditions: Daicel Chiralpak OJ 20\im; 25an; n-heptane/ispprppanol 80:20 vnr; 0.4 

mL/min; detection at 220 mn. The desired enantiomer 2b is tibe peak eluting at (RT- 

???? min). Alternatively, conq>ound 2b may be synthesized substantially as described 
above for conq>ound 2 using conq)Ound lb in place of compound 1 . 
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2-Pkei^l-5-fluoro benzyl bromide 

Br 

F 

The title compound is prepared in 5 steps fttan commercially available (Aldrich) 5- 
fluorosalicylic acid following literature procedures (JACS, 2000, 122, 4020-4028). MW 
5 265.13; CijHioBiF; >H NMR (CDCI3): 7.48-7.38 (5H. m), 7.26-7.19 (IH, m), 7.05 (IH, 
td. 8.3 Hz, 2.8 Hz), 439 (2H, s); NMR (CDCI3): -1 14.72. 
(S-Fluoro-2-metheop^hatyl)-meAanol 



OMe 




F 



To a solution of 2-methoxy-5-fluoiDbenzalddiyde(11.093g. 1 eq, available fiom Aldrich 
10 Chemical Company) in methanol at -10 »C under nitrogen atmosphere is added NaBH« 
(7.515g, 2.7 equiv.) portionwise. The sohition is aUowed to warm to room temperature 
and after 30 minutes the reaction solvent is removed under reduced pressure and replaced 
wifli dichloHMnethane. This solution is poured onto ice water and further extracted with 
dicUorDmethane. The organic fractions are coDected and dried QAgSOt) and the solvent 
15 removed under reduced pressure to give the tifle compound as an oil (9.794& 87%). MW 
156.16; C8H9FO2; 'H NMR (CDCI3): 2.58 (m, IH), 3.81 (s. 3H), 4.63 (d, 2H. 6.3 Hz), 
6.78 (dd, IH, 85 Hz and 4.3 Hz), 6.94 (td, IH, 8.5 Hz and 3.1 Hz), 7.04 (dd, IH, 8.7 Hz 
and 3.1 Hz). 

S-ftuoro-2-methmcyben^i Moride 



QMe 




Neat (5-Fluoro-2-methoxy-phenyl)-methanol (19.587g. 1 equiv.) is added to neat SOCI2 
(42.2 mL, 4.6 equiv.) at -78''C under a nitrogen atmosphere and the solution is then 
allowed to warm to room tenq)erature and stirred until evolution of gas ceases. An 
equivalent volume of anhydrous toluene is added to the flask and the solution heated to 
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On cooling, the reaction solution is poured onto ice water. The toluene layer is 
sq)arat6d and dried (MgS04) and fhe solvent removed under reduced pressure. The erode 
material is sublimed (60-80^0/0.05 mBanr) to give the title conq)ound as a white solid 
(13.40 g, 61%). MW 174.60; CgHgClFO; *H NMR (CDCI3): 3.87 (s, 3H), 4.60 (s, 2H), 
5 6.79-720 (m,3H). 

Z^methco^S-'fluorobenzyl magnesium bromide 



Magnesmm tpmings (21.6 g, 0.888 mole, 2 eq.) and diethyl ether (300 mL) are loaded in 
a reactor und^ N2. A sohztion of S-fliioro-2-methoxybenzyl chloride (1 16 g, 0.664 mol, 

10 1.5 eq.) in diethyl ether (200 mL) is loaded in an addition immeL Iodine crystals and a 
small amount of the 5-flttoio-2-metfioxybCTZ34 chloride sohxtion are added and the 
reaction mixture is stiired to initiate flie reaction. The remainda of the 5 -iluon>-2 
metfaoxybenzyl chloride solution is then added drop-wise maintaining fhe tenq>eratare of 
tfie reaction mixture below 28 ^C. The mixture is stirred for anoth^ 5 minutes at 1 9 

15 and after completion of flie addition a white suspension is formed. 

l^f4^henylmethyl)morpholin'2'-ylJethan'l'One (3) 



Compound 3 is obtained &am 2 (0.730 g, 2.8 mmol) and commercially available 
(Aldxich) methyl magnesium bromide (IM solution in THF» 3 mL, 3 mmol, 1.1 eq) in 
20 anhydrous THF (25 mL) following Gmeral Procedure 1 z&a purification by automated 
column diromatogrivhy (elumt EtOAc^hq>tane 14/86 -100/0 [v/v]) (0.3 g, 49%). MW 
235.33; C14H21NQ2. LCMS (6 minute method) m/z 220.1 [M+Hf , Rt L55 min. 




F 
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H4'(Phenylmeiliyl)mofphotin''2'yi]propan'l'One (4) 



Compound 4 is obtained from 2 (0.70 g, 2.65 mmol) and commerciaUy available 
(Aldrich) ethyl magnesium bromide (2.65 mL, 7.94 mmol, 3 eq) in anhydrous THF (25 
5 mL) following General Procedure i as a yellow oil (583 mg, 89%). MW 249.36; 
C15H23NO2. LCMS (6 mimite method) m/z 234.4 [M+H]*, Rt 1.78 min. 

2-MeAyl-J-f4-(jphettylm^ja}morphoiin-2-ylJpropan-l'One(5) 

Compound 5 is obtained from 2 (3.01 8 g, 11.4 mmol) and commercially available 
1 0 (Aldrich) isopropy] magnesium chloride (2M solution in THF, 1 7. 1 mL, 34.3 mmol, 3 eq) 
in THF (100 mL), following General Procedure J as a yellow oil (2.68 g, 89%); MW 
26338; C16H25NO2; LCMS (6 minute method): m/z 248.2 [M+H]*, Rr 2.41 mia 
S-Melkyl-I-l4-(phettyimetl^l)morphiain'2-^]butatt-l-otte(6) 



Compound 6 is prepared from 2 (10 g, 37 mmol) in anhydrous tetrahydrofuran (50 mL) 
and commercially available (Aldrich) isobutyl magnesium bromide (2M solution in 
diethyl ether, 56 mmol, 28 mL, 1.5 eq) following General Procedure J. After stirring for 
1 hour the reaction is quenched by addition of aqueous hydrochlwic acid (150 mL). THF 
is removed in vacuo and diethyl ether is added after pH adjustment by addition of a 
20 saturated sodium bicarbonate solution. The organic phases are combined, dried over 

magnesium sulphate and the solvent is removed wi vacuo. 6 is isolated in 80% purity (8.7 
g, 67 % with respect to pure product). MW 261 .37; CsHzsNOz; LCMS: (6 min method) 
m/z 262.2 [M+H]*, Rt 2.753 min. 
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C^dopeiayl[4^henylmeihyl)morphoUn-2^yy^ (7) 




CompomA 7 is p9:c|>ared from 2 (336 & 12.7 mxnol) in anhydrous tetiahydroiuran (120 
mL) and commercially available (Aldiidi) cyclopent^ magnesium bromide (2M solndon 
5 in diediyi ether, 19.1 mL, 38^ mmol, 3 eq) following General Procedure I in 

quantitative yield as yellow oil. MW 273 J8; Ci7H23N02; LCMS (6 min mettiod) m/z 274 
[M+Hr,RT2.24min. 

l4^henylmeikyl)mofphoUn-2'yy(tetrah^ (8) 

10 Conq>ound 8 is obtained fiom 2 (2.84 g, 10.74 mmol) in anhydrous tetrahydiofuran (30 
mL) and 4-tetrahydiopyranyl magnesium chloride (Chem. Ber. 98, 1965, 3757) (2M 
solution in tetrahydrofuran, 6.5 mL^ 13 mmol, 1.2 eq) following General Procedure 1. 
Afbeac 30 minutes further 4-tetcahydiopyranyl magnesium diloride is added (2M solution 
in diethyl edier, 6.5 mL, 13 mmol, 1 eq.). After stirring for 2 hours the reaction mixture is 

15 quenched by addition of ammonium chloride solution (30 mL) and ethyl acetate (30 mL). 
The aqueous layer is re-extracted with ediylacetate (30 mL) and the organic phases are 
combined, dried over magnesium sulphate and the solvents are removed in vacuo. The 
resulting residue is puriiSed by ion exdiange chromatogr^hy to give 8 as a yellow oil 
(2.98 g, 96 %). MW 289.38; C17H23NO3; LCMS (6 min method) m/z 290 [M+H]*, Rt 

20 2^0 min. 

Alternatively compound 8 may be prepared as follows: 
a^ Neutraliiation of 92 

92 (97 g) is suspended in tolu^e (485 mL) under mechanical stirring and sodium 
carbonate (3.68 N, 97 mL, 1 .2 equiv) is added. Then, the mixture is diluted with water 
25 (194 mL) and stirred for 45 mins at room temperature. Then, fiie bq)hasic mixture is 

filtered on Hyflo Super Cel® and transfeo^ to a sq>aratory fimneL The aqueous layer is 
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discarded and the organic layer (594.3 g) is concentrated under reduced pressure at 40X 
to a mass of 348 g. Toluene is added (150 mL) and the organic layer is concentrated 
under the same conditions to a mass of 347 g. The free base of con^jound W as a toluene 
solution is thai diluted with anhydrous THF (300 g) and the solution is ready to be added 
5 to the Grigoard reagent. 

b) Foimation of the Grignatd reagent 

An merted 3 L 3-necked flask is charged with THF (50 mL) and magnesium turnings (9 
g, 0.370 mol, 1.25 equiv.). The mixture is heated to Tmass 60*^0 and iodine (0,150 g) 
and 4-chlorotetrahydrppyran (1 mL) are added, hjutiation is observed wiflim 5 minutes. 
10 Then, the mixture is heated to Tmass = eS-eg^'C and addition of remaining 4- 

chlorotetrahydropyran (39.19 mL diluted with 188 mL of THF) is performed over 1 hour 
keeping T mass constant at about 68°C. After 40 minutes of post-agitation, the reaction 
mixture is allowed to cool to room temperature. 

c) Grignard reaction 

1 5 The toluene/THF solution of neutralized 92 is added to the Giignard reagent at 20-25^C 
over 45 min. The mixture is post-agitated at room temperature for Ih. Then, the reaction 
mixture is quenched by addition at 0-5^C to an acetic acid/H20 mixture (44.3 mL acetic 
acid and 245 mL H2O). The aqueous layer is separated and discarded and the organic 
layer is washed with H2O (60 mL). The aqueous layer is separated and discarded and the 

20 organic layer is washed with 2N NaOH (100 mL), The aqueous layer is separated and 
discarded and the organic layer is concentrated under reduced pressure at 40T to 230 g. 
The residue is taken up with IPA (1 L) and concentrated as described above to yield 230 g 
of 8 as the free base. 

fHPhenylmethyl)mofpholin^2'ylJCteirahydro- (8b) 



25 




An inerted 6L reactor is charged wifli THF (242 J mLX magnesitim (54.47 g, 2240nimol) 
and 5% of flie total amount of 4-chlc»rotetrahydropyran (12.28 mL, 1 12 mmol). Then, a 
small amotmt of methyl iodide (0.5 naL) and one iodine crystal is eddied. The reaction 
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10 



15 



20 



mixture is stilled and heated lip to 64-66^C. Afi^ i^^ 

cWorotetiahydropyran (233.22 mL, 2127 nmol) diluted in THF (890 mL) is slowly added 
over 135 ooins. The xnixtiire is heated vp for 30 additional minutes before being cooled to 
O^C. Then, the Weinreb amide 2b (370 g, 1400 mmol) dfluted m THF (2777 mL) is added 
over 1 80 nuns between 0-4^C and tiie nnixture is sdiied for a finther 60 mins. Then, acetic 
acid (48 mL, 0.83 mmol) is added to the mixture followed by a 55/45: v/v: saturated 
NH4CI/H2O mixture (2590 mL) keeping the temperature below 9^C. The organic layer is 
washed with a 60/40: v/v: saturated IJHaCVRzO mixture (500 mL) and, after separation, 
toluene (1 800 mL) and water (1 800 mL) is added to die organic solution. Then after 
extraction, water (1 100 mL) is added to the toluene mixture which is basified with 3.68 M 
NaaCOaaq (148 mL). The organic layer is dried over MgS04, filtered and concentrated 
under reduced pressure to dryness to yield compound 8b as the free base (400.8 g, 98.6% 
yield). 

Altemativeiy conq)Ound 8b may be prepared as follows: 

R-(-)-MaDdeIic acid (1.65 g, 10.8 mmol) is added to a solution of 8 (3.15 g, lO.SmmoI) in 
isopropanol (20 mL). After 2 min of post-agitation, an homogenous solution is obtained 
at room teisperature. Crystallization begins after 5 min of post-agitation to form an easily 
stiiable suspension. This suspension is post-stirred for 21 hours at room traiperature. The 
solid is filtered and washed widi isopropanol (2 mL). The white crystals are dried under 
vacuum at 40^ over 5 hours to give L8g of 8b R-mandelate with 37.5% yield and 99^% 
ee. 0.5N of K2CO3 (2.4 mL, 1 2 mmol) is added drc^wise to a stiired suspension of 8b R- 
mandelate (500 mg, 1.13 mmol) in toluene (5 mL). A biphasic solution is obtained. The 
free base 8b is entirely pres^ in the organic layer, which is separated, concentrated on a 
Totavep and dried under vacuum at 40^C affording 8b as an oil with 98% yield. 
5,S,5'Trifluoro^l''[4^henylmethyl)morphaUn'2'^^^ (9) 



brcnnide (20.9 ml^ 1 0.S0 mmol, 2 eq) in dry THF (45 mL) followmg General procedure 




Compound 9 is obtained firom 2 (138 g, 5.23 mmol) and 3,3,3-trifiuoroprDpyl magnesium 
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/ . 3,3,3-Trifluoropropyl magnesium bromide is obtained from commercially available 
(Aldrich) 3,3,3-trifluoropropyl bromide following General Procedure 5. Purification by 
ion exchange chromatography gives 9 as an oil (1.24 g, 78.7%). MW 301.31; 
C15H18F3NO2; LCMS (6 minute method): m/z 302.4 [M+H]^ Rt 2.66min. 
5 5,5,5-Triftmra^l'f4^henylmahyl)moipholm^ (10) 




Compound 10 is pr^ared from a solution of 2 (0.717 g, 2,71 mmol) in anhydrous 
tetrahydrofiiran (20 mL) and 4,4,4-trifluoiobutyl magnesium bromide (0.5M solution in 
diethyl ether, 6.5 mL, 3.25 mmol, 1.2eq). 4,4,4-Trifluorobutyl magnesium bromide is 

1 0 obtained from commorcially available (Aldrich) 4 A4-trifluorobu^ bromide following 
General Procedure J, After 30 minutes anodier 0.3 eq of 4,4,4-trifluorobutyl magnesium 
bromide are added (0.5M solution in diethjd ether, 2.5 mL). After stining for 2 hours the 
solvents are removed in vacuo and wata- (20 mL) and ethyl acetate (30 mL) are added to 
the residue. The organic phase is washed with brine, dried over magnesium sulphate and 

15 the solvent is removed in vacuo to give 10 as clear oil (0.985 g). 10 is taken onto the next 
step without further purification. MW 3 15.34; C16H20NO2F3; LCMS: (6 min method) m/z 
316[M+H]^RT2.9min. 

4'Benzylm0rphoUn'3'One 




20 A solution of JV-ben2yl-AK2-hydroxyethyl) chloroacetamide (627.7 g, 2.76 mol) in ierf- 
butanol (0.9 L) is stirred \md& nitrogen while warming to 25-30**C. Potassium tert- 
butoxide (2.897 L of a IM solution in r^rt-butanol, 2.90 mol, 1.05 eq) is added over 2 
hours. The reaction mixture is then stirred at room temperature for 90 minutes. Ice-cold 
water (6 L) is added and the resultant cloudy solution extracted with e&yl acetate. The 

25 combined organic layers are washed with brine, dried over magnesium sulphate and 
evaporated in vacuo to give a light brown oil (441 g, 84%), which is used in the next 
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stage without further purificatiom MW 191.23; CUH13NO2; *H NMR {CDCI3): 729-7 AO 
(5H, m), 4.67 (2H, s), 428 (2H, s), 3.87 (2H, t, 5 Hz), 3.31 (2H, t, 5 Hz); LCMS: (12 min 
method) m/z 192 [M+H]^ Rx 1.00 min. 

4'Benzyl'2'(cyclopropyl'hydroxy-methyl)'ntorphoUn-3'One (75) 



To a solution of 4-benzyl-moipholiii-3-oiie (9.S g, 50 imnol) in THF (200 mL) is added 
lithium diisopropylamide (2M solution in THE, 27 mL, 54 mmol, 1.1 eq ) diopwise over 
20 minutes at -78®C followed by slow addition of cyclopiopyl mettijdaldehyde (3.85 mL, 
55 mmol, 1.1 eq). After sturing at -78^C for one hour the re^on mixture is allowed to 

1 0 warai to room temperature and stirred for another 6 hours. The reaction is quenched by 
addition of EtOAc and brine. The aqueous layer is extracted with EtOAc, the combined 
organic layers are dried over magnesium sulphate and reduced in vacuo. Purification 
using automated column chromatography (DCM/MeOH, 100/0 to 85/15 [v/v]) gives 75 in 
70% purity with 4-benzyl-morpholin-3-one as the major impurity. This product is directly 

15 used in the next step. MW 261.32; C15H19NO3; LCMS (6 min mdfaod) m/z 261.32 
[M+H]^,Rt2.23 

(4^Ben^l'moiphoUn''2'yl)<yclopropyI^methanol (76) 



Borane-THF complex (IM solution in THF, 30 mL, 30 mmol, 4.1 eq) is added slowly to a 
20 solution of 75 (1 .9 g, 7.3 mmol) in THF (1 00 mL). The reaction is heated to 60*C. After 
24 hours MeOH and hydrochloric acid (2M, excess) are added and the resulting mixture 
heated for one hour at the same temperature. After careful addition of saturated NaHCOs 
solution and EtOAc the aqueous layer is extracted with EtOAc. The combined organic 
layers are washed with brine, dried ov^ magnesium sulphate and the solvent is removed 
25 in vacuo. Purification by ion exchange chromatography gives 76 (1.1 g, 61%). MW 
247.34; C,5H2]N02; LCMS (6 min method) m/z 248 [M+H]", Rt 2.48 min. 



OH 



5 





BNS0C3CID <WO_a00504727a(M J.> 



wo 2005/047272 



PCT/US2004/032771 



-60" 

Cyd0propylf4^hmylmethyl)moTpholin*2-yIJme^^ (77) 



N 




A solution of diinethylsut)hoxide (0.69 mL, 9.7 mmol, 2.2 eq) in DCM (4.5 mL) is 
slowly added to a solution of oxal>i chloride (2.43 mL, 4.85 mmol 1.1 ©q) in DCM (2.5 
5 mL) followed by a solution of 76 (L09 g, 4.41 mmol) in DCM (0.7 mL) under nitrogen at 
-60**C. After stirring for 15 minutes, triethylamine (3.14 mL, 22.1 mmol, 5 eq) is added 
and stirring continues for 15 minutes. After addition of watw, the layers are separated. 
The aqueous'layer is washed with DCM. The combined organic layers are washed with 
brine, dried ov^- magnesium sulphate and the solvent is removed in vacuo. Purification 
10 using automated column chromatography (EtOAc/n-hexane, 20/80 to -50/50 [v/v]) gives 
77 as a yeUow oil (0,69 g, 64%). MW 245.32; C15H19NO2; LCMS (6 min method) m/z 
246.3 [M+H]% Rt 1.095 min. 

l'(4'Benzyl'mofpholin'2-yl)'pentan''l'^ne (82) 




15 Compound 82 is prepared ftom 2 (0.87 g, 3.28 mmol) in anhydrous tetrahydrofuran (30 
mL) and commercially available (Aldrich) n-butyl magnesium bromide (2M solution in 
THF, 5 mmol, 2.5 mL, 1.5 eq) following General Procedure L After stirring for 1 hour 
further n-butyl magnesium bromide (2M solution in THF, L6 mmol, 0.8 mL) is added 
and stirring continued for 30 minutes. The reaction is quenched by addition of ammonium 

20 chloride solution (30 mL) foDowed by EtOAc. The organic phases are combined, dried 
over magnesium sulphate and the solvent is removed in vacuo to give 82 (0.82 g, 96%). 
MW 261.37; C16H23NO2; LCMS (6 minute method): m/z 262.4 [M+Hf , Rt 2.34 min. 
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Exampie 1: Preparation of 141J*-biphmvn-2-vi-2-morpholin-2^vlDroDan-2-ol 
hydrochloride (12) 

l'[l,l '-Bvhenyl]'2ifi'2-[4^heiiylme^ (11) 




Coiq>ouiid 11 is prepared fiom 2-pheiiyIbe3iz^ magaesimn fanmude (O^M solution in 
diethyl eOier, 5.5 inL» 138 mmol) and 3 (275 mg, 1.25 mmol) in anhydrous THF (7 mL) 
following General Procedure 2, 2-Phenylbenzyl magnesium bromide is obtained from 
commercially available (Aldrich) 2-phfflyIbeQzyl bromide following G^enero/ Procedure 

10 5. Fuidierequivale3Xtsof2-pheayIb6nzyl magnesium bronude (10 n^ 

added before qnracbmg die reaction with ice water (7 mL). 11 is obtained as an oil in 
75% purity after ion exchax^e (5 g column) chromatography and automated column 
chromatography (EtOAc^-hq>tane 0/100 to 50/50 [vAr]) and taken onto die next stq> 
without flirdier purification (023 g isolated material). MW 387.53; CTsBTjitfOil LCMS (6 

15 minute mediod): m/z 388.2 [M+HT, Rt 3.37 min. 

1^11,1 '^B^henyl]-2'yU2-moph€im'2-ylpropan'2^l hydrochloride (12) 




12 is obtained fiom 11 (204 mg, 0.53 mmol), a-chloroefhyi chloroformate (0.23 mL, 
2. 1 1 mmol) and polymor-siqipoited HQnig's base (296 mg, 1 .05 mmol) in DCM (5 mL) 

20 following General Procedure 5. Purification usmg icm exchange cfaromatogrs^hy, 
foUowed by preparative LCMS and conversion into die hydrochloride salt following 
General Procedure 4 gives 12 as a foam (102 mg, 65%). MW 297.36; CisflzaNQzJia; 

NMR (CD3OD) 8 7,15-7.39 (8H, m), 7.07-7.1 1 (IH, m), 3.97 (IH, dd, 3.0 Hz, 13.0 
Hz), 3.56-3.65 (IH, m), 3.20-3^ (IH, m), 3.08 (2H, t, 12.5 Hz), 2.82-2.99 (4H, m), 0.60 

25 (3H, s); LCMS (12 minute method): m/z 2982 [M-HCl+Hf, Rt4.38 min. 
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15 



E3cample2; Prenaration of l-fS.fluoro»2-fm^vloxv)phenvn-2-mornhi>lin-l- 
vlbntaii-2-ol hydrochloride 

HS-Fluoro-2-(metlg^)phenjiJ-2'[4-(phenybnetkyl)morph^ 



N 



Compound 13 is obtained from 4 (5S3 mg, 2.5 mmol) and 2-methoxy-5-fluon)benzyl 
magnesium bromide (5.5 mL, 2.75 mmol, 1.1 eq) in anhydrous THF (15 mL) following 
General Procedure 2. Further equivalents of 2-methoxy-5-fluoiobenzyl magnesium 
bromide (2M solution in diethyl ether, 10 mL, 5.0 mmol) are added after 30 min and the 
10 mixture is warmed to room temperature and left to stir over night After purification by 
ion exchange chromatography 13 is obtained as a yellow oil in 67% purity (702 mg). The 
compound is taken over to the next step without further purification. MW 373.47; 
C22H28FNO3; LCMS (6 minute method) m/z 3742 [M+H]*, Rt 3.17 min. 

l'[S'FluorO'2-(methyloxy)phmylJ-2-morpholin'2-yatiUm-2-itl kyibwMorUe (14) 




14 is obtained tmm 13 (717 mg, 1.92 mmol), a-chloioethyl chlorofbonate (0.83 mL, 
3.84 mmol, 4 eq) and polymer-supported HQnig's base (1 .08 g, 3.84 mmol, 2eq) in DCM 
(17 mL) followii^ General Procedure 3. Purification by ion exchange chromatogr^hy 
followed by preparative LCMS and conversion into the hydrochloride salt following 
20 General Procedure 4 gives 14 as a solid (185 mg, 30%). MW 319.81; Ct5HaFN03.HCl; 

NMR (CD3OD) S 6.94 (IH, dt, 1.5 Hz. 9 Hz), 6.81-6.84 (2H, m), 4.07 (IH, dd, 3.5, 13 
Hz), 3.67-3.76 (4H, m), 3.56 (IH, dd. 2.5 Hz. 1 1 Hz), 3.33 (IH, m), 3.14-3.25 (IH. m), 
3.00-3.08 (2H, m), 2.84 (2H, , 14 Hz), 1.37-1.51 (IH, m), 1.05-1.19 (IH, m), 0.82 (3H, t, 
7.5 Hz); LCMS (12 minute method): m/z 284.1 [M-HCl+H]*, Rt3.76 min. 
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Example 3; PreDaration of 2>mon>holiD-2-vH-f2-rftrifloorom€tfavnoxvl 
phePvBbtttap-2-oi hydrochloride f 16> . 

2''[4^henylnieihyl)morpho1in'^^^^ (15) 




Compound 15 is obtained bom 4 (1.1 g» 4.71 mmol) and commercially available 
(FhKMochem) 2-tri£luoTometbo3Qr benzyl magnesiun bromide (10.4 mL 
1, S.19 mmol, Lleq) in anhydrous THF (31 mL) following General Procedure 2. After 30 
minutes finther equivalents of 2-trifluoromethoxy benzyl magnesium bromide are added 
10 (0.5M solution in diethyl ether, 4.71 mL, 2.36 mmol). Purification by ion exchange 
chromatography gives 15 as an oil (1.88 g, 98%). MW 409.45; C22H26F3NO3; LCMS (6 
minute method): m/z 41 0.4 [M+H]^ Rt 328 min. 

2''Mofph0lm-2'yI'1^2'f(trifluoromeihyl)oj^Jphm hydrochloride (16) 




IS 16 is obtained from 15 (1 .88 g, 4.S9 mmol), a-chloroethyl chlorofoimate (1.98 mL 
L, 18.4 mmol) and polymer-supported Hunig's base (2.58 g, 9.18 mmol) in DCM (40 
mL) following General Procedure 3. Purification using ion exchange chromatography 
followed by automated column chiomatogr^hy ( eluent, MeOH/DOM 0/100 to 20/80 
[vA^]) and conversion to the hydrochloride salt following General Procedure 4 gives 16 

20 (258.5 m& 17%) as a white soEd. MW 319.33; CisHzoFsNOsHa; NMR (CD3OD) - S 
7.53 (IH, dd, 2 Hz, 7.5 Hz), 7.27-7.38 (3H, m), 4.20 (IH, dd, 3.5 Hz, 13 Hz), 3.85 (IH, 
td. 3 Hz, 13 Hz), 3.70 (IH, dd, 2 Hz, 11 Hz), 3.44 (IH, d, 13 Hz), 327-3.34 (IH, m), 
3.12-322 (2H, m), 3.07 (IH, d, 14 Hz), 2.96 (IH, d, 14 Hz), 1.55 (IH, sextet. 7.5 Hz), 
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1.26 (IH, sextet, 7.5 Hz), 0.93 (3H, t, 7.5 Hz). LCMS (12 nunute method): tn/z 320.4 {M- 
HCl+Hi\KT2.77 mm. 

Example 4; Prenaratjon of l-ri.r ^irohenvll-2-vi-2-mnrnhnyiB.2-vlbiitan-2-ol 
5 hydrochloride (18^ 

l-fl,J '-B^henylJ-2-3a-2-f4-Qthenylmethyl)marplwlin-2-ylbutan-2'Ol (1 7) 




Compound 17 is obtained fiom 3 (601 mg, 2.58 mmol) and 2-phenylbenzyI magnesium 
bromide (0.2SM solution in diethyl ether, 1 1.5 mL, 2.84 mmol) in anhydrous THF (15 

10 mL) foUowmg Gena-al Procedure 2. 2-PhenyIbenzyl magnesium bromide is prepared 
fiom conunercially a^^able (Aldrich) 2-phCTi3^enzyl bromide fi)llowing Genercd 
Procedure 5. Further equivalwjts of 2-phMiylben^ magnesium bromide (1032 mL, 
2 J8 mmol) are added. Purification by i<m exchange dmunalography followed by 
automated column chromatogn^y (eluait, EtOAc/n-heptane 0/100 to 50/50 [v/v) gives 

15 17 (705 mg, 68%) as a colourless oil in 91% purity which is directly used in the next step. 
MW 401.55; C27H31NO2; LCMS (6 minute method): m/z 402.2 [M+H]^ Rt3.56 min 
J-/1, J '-BipheftylJ-2-yl-2-morpholitt-2'ylbutan-2^l hydrochloride (18) 




ON 



18 is obtained fiom 17 (705 mg, 1.76 nmiolX a-chloroefliyl chloroformate (0.76 mL, 
20 7.02 mmol) and polymer-supported HOnig's base (988 g, 3.52 mmol) in DCM (15 mL) 
fijllowing General Procedure 3. Purification by ion acchange chromatography followed 
by automated column chromatogr^hy (eluent, MeOH/DCM 5/95 to 20/80 [vA^]) and 
conversion into the hydrochloride salt following General Procedure 4 gives 18 (0.37 g, 
62%) as a yellow foam. MW 347.82; C20H25NO2.HCI; 'H NMR (CD3OD) 8 7.43-7.46 
25 (IH, m). 7.29-7.34 (3H. m), 7.14-7.25 (5H, m), 7.06-7.11 (IH. m), 3.94 (IH, dd. 3.5 Hz, 
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13 Hz), 3.55-3.64 (lH.m), 337 (IH, dd, 1.5 Hz, 11 Hz), 3.09 (2H, d, 12.5 Hz), 2.80-2.99 
(4H, m), 1.11-1.23 (IH, m), 0.91 (IH, m), 0J8 (3H, t, 7.5 Hz). LCMS (12 minate 
. method): m/z 312.1 [M-HC1+H]^ Rt4.67 min. 

5 Example S: Preparafloii cf l-f5-flporo-2-finelfavloxv)Dhaivll-3-meflivl-2-morpholiii- 

2-vibutaii-2-ol hydrochloride (20) 

l'[5'Fluoro-2-(meihyilojaf)phettyy-3^ethyl-2-[4^hetp^ 

2-ol(19) 




10 Compound 19 is obtained fioxn 5 (0 J g, 2.83 nimol) and 2-metiioxy-S-£tuoio-beiizyl 
magnesium bromide (6.2 mL> 3.11 mmol» l.leq) in axihydrons THF (15 mL 
1) following General Procedure 2. Further equivalents of 2-methoxy-S-fIuoro-benz>4 
magnesium brrauide (8.49 ml^ 4.25 mmol) are added and mixture is warmed to room 
te mpe i at ure and left stirring ovenugjht Ihmfication using automated 

15 chromatography (eluent, n-heptane/EtOAc 100/0 to 75/25 [v/v]) gives 19 (0.53 g» 48%). 
MW 387.5; CzsHsc^PNQs; LCMS (6 minute method): m/z 388.2 [M+Hf, Rr 3.21 min. 
l'[5'fluora'2'(med^loxy)pken^J''3^mea^U2'4ttorpl^ hydrocMorUe 
(20) 




20 20 is obtained from 19 (523 mg, 1 .35 mmol), a-chloroe&yl chlorofomate (0.58 ml^ 
5.40 mmol, 4 eq) and PS-DIEA (0.76 & 2.70 mmol, 2 eq) in DCM (10 mL) following 
General Procedure 4. Purification by ion exdiange chrornatography and conversion to 
the hydrochloride salt following General Procedure 4 gives 20 as an off-white solid 
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(0^6g, 58%). MW 333.83; C,6H24FN03. HCl; 'H NMR (CD3OD) 8 7.10 (IH, d, 9.5 Hz), 
6.94 (2H. d, 6 Hz), 4.07 (IH, dd, 3.5 Hz, 13 Hz), 3.71-3.88 (5H, m), 3.21-3,47 (2H, m). 
2.99-3.1 1 (4H, m), 1.8 (IH, septet, 7 Hz), 1.04 (3H. d, 7 Hz), 0.94 (3H, d, 7.0 Hz); LCMS 
(12 minute method): m/z 298 [M-HQ+H]*, Rt 4.29 min. 

Example 6t Preparation nf 3-methvl-l-f 2-methvloYv)phenvll-2-morp hnliii-7. 
hydrochloride f 22) 

2^4-Benzyl-morphoUn-2'yi)-l-(2-niethoxy-phen^)-3Httethyl-4fut^ 



Compound 21 is obtained from 5 (1.5 g, 6.06 mmol) and 2-methoxy benzyl magnesium 
bromide (available fium Rieke-Metais) (0.25M solution in THF, 33.9 mL, 8.49 mmol) in 
anhydrous THF (30 mL) following General Procedure 1. Purification by column 
chromatography (eluent, EtOAc/ii-heptane 0/100 to 40/60 [v/v]) gives 21 as colourless oil 
(1.45 g, 84%). MW 369.51; CzsHsiNOjJHCl; LCMS (6 mmute method): m/z 370.2 [M- 
HCl+H]-',RT2.77min. 

3-Methyl-l~[2-methyhacy)phenylJ-2-mo^holin'2'yUHitan'2^l hydrocMoride (22) 



22 is obtained from 21 (1.24 g, 3.37 mmol), a-chloroethyl chlorofomiate (3.63 mL, 33.7 
mmol) and polymer-supported Hiinig's base (4.72 g, 16.8 mmol) in DCM (45 mL) 
foUowing General Procedure 3. Purification using ion exchange chromatography 
followed by chiral preparative HPLC (n-Heptane EtOH: DEA 85:15:0.2 gradient, 
chiralcel-OD) gives two enantiomers the first eluting enantiomer (Rj 9.5 min), and the 
second eluting enantiomer (Rj II .41 min). The two enantiomers are converted to their 
respective hydrochloride salts 22a (146 mg) and 22b (138 mg) and obtamed as white 





H OH 
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soMs (28% overall combiiied yield). MW 315.84; C16H2SNO3 JIO; 'H NMR (CP3OD) 5 
7^-734 (2H, m), 6.85-6.95 (2H. m), 4.08 (IH, dd, 3.6 Hz. 12.8 Hz). 3.86-3.9 (4H, m), 
3.77 (IH, Id, 2.45 Hz, 12.4 Hz), 3.22-328 (IH, m), 324 (IH. d. 12.8 Hz), 2.95-3.11 (4H, 
m), 1.83 (IH, septet, 6.8 Hz), 1.16 (3H, d, 7.0 Hz), 0.95 (3H, d, 7.0 Hz); LCMS (12 
5 minute metbod): m/z 280.2 [M-HQ+H]*, Rt4.05 min. 



F.Tam pie 7; Preparation of l-f2-ethvloxv')phenvIl-3-meflivl-2-morpholin-2-vIbiitan- 
2-0I hydrochloride (24) 



0^ 



10 

Compound 23 is obtained fiom 5 (1 .5 g, 6.06 mmol) and 2-ethoxybenzyl magnesium 
chloride (available ftom Rieke-Metals) (025M solution in THF, 34 mL, 8.49 nnnol) in 
anhydrous THF (30 mL) following General Procedure 2. After rq>eated purification by 
automated column chromatography (leluent MeOH/ DCM 0/100 to 10/90 [v/v] followed 
15 by EtOAc/DCM 0/100 to 50/50 [v/v]) 23 is obtained as colourless oil (0.8 g, 35%). MW 
383.54, C24H33NQ3; LCMS (6 mimite method): m/z 384.4 [M+H]*, Rt 3.04 min. 
i V^flAjdos^^/^^ hydrochloride (24) 



K OH 



24 is obtained tarn 23 (766 mg, 2.0 mmol), a-cWoroethyl chlorofonnate (0.86 mL, 8.0 
20 mmol) and polym^r-suppoited Htinig's base (1.12 g» 4.0 nrntnol) in DCM (30 mL) 
foTlovmg General Procedure 3. Purification using ion exchange cbiamalography 
followed by automated column cluomatogrq)hy (elumt, MeOH/ DCM 0/100 to 20/80 
[v/v]) and cfaiial pr^arative chroxnatogrsphy (n-Heptane(EtOH:DEA 95:5:0^ gradient, 
chiFacel AD) gives the first eluting enantiomer (Rt 13.40 min) and the second eluting 
25 enantiomer (Rt 15.63 min). After conversion to tixeh* respective hydrodiloride salts, 24a 
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20 



(85 mg) and 24b (79 mg) are obtained as brown solids (28% combined yield). MW 
293.36; C17H27NO3.HCI; ^HNMR (CD3OD) 8 7.06-7.09 (IH, m), 6.95-7.01 (IH. m), 
6.66-6.75 (2H, m), 3.80-3.92 (3H, m), 3.46-3.63 (2H. mX 2.96-3.15 (2H, m), 2.66-2.86 
(4H, m). 1.54-1.63 (IH, m), 1.22 (3H, t, 7.0 Hz), 0.82 (3H. d, 7.0 Hz), 0.71 (3H, d, 7.0 
Hz); LCMS (12 minute method): m/z 2942 [M-HCl+H]^ Rt4.60 min. 



EMmple 8; 3>Methvl-2-morDh olin-2-vI.]-l2-rrtrifluoromethvnoivlbntaii-2^1 
hydrochloride (26) 

3-Meihyl.2-f4-(phenylmethyl)moipholiH-2.ylJ-l-{2-f(tnJUion 
10 phenyl}buUm-2-ol(25) 




Compound 25 is obtained fipom 5 (953 mg, 3.85 mmol) and oranmetcially available 
(Fluorochem) 2-trifluoiom^xy benzyl magnesium bromide (8.48 mL. AJ2A mmol, 1 .1 
eq) in anhydrous THF (25 mL) following General Procedure 3 and addition of furlher 2- 
15 trifluoromethoxy benzjd magnesium bromide (3.85 mL, 1.93 mmol). Purification by ion 
ecchange chrranatogr^hy gives 25 as a yellow ofl in 86% purity winch is used in fte 
next step without fortho^ purification (1.53 g of isolated material). MW 423.38; 
C23H28F3NO3; LCMS (6 minute mdhod) m/z 424.1 [M+H]*, Rt 3.53 min. 

3-Metkyl-2-morpholin-2-yl-l'{2-[(trifluorometk]a)taiyJbutan-2-ol kydrochtoride (26) 




26 is obtained from 25 (1.53 g, 3.61 mmol), a-chloroethyl diloroformate (1.55 mL, 14.5 
rmnol, 4 eqtiiv.) and poIymer-stqjpOTted Hfinig's base (2.03 g, 723 mmol, 2 eq) in DCM 
(30 mL) following General Procedure 3. Purification by ion ratchange diromatogr^hy, 
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foUawed by automated colimm dmsmatography ehient, MeOH/DCM 0/100 to 20/80 
[y/vj) and conv^on to its faydiochloride salt following General Procedure 4 gives 26 as 
a yeUow soUd (0.4 g, 29%). MW 379.82; C16H22F3NO3 JHCl; 'H NMR (CD3OD) 5 7.46 
(IH, dd, 1.5 Hz, 7.5 Hz), 7.14-7^4 (3H, m), 3.94 (IH, dd, 3.5 Hz, 13 HzX 3.80 (IH, dd, 
5 2.5 Hz, 1 1.5 Hz) 3.69 (IH, td, 2.5 Hz, 13 Hz), 3^7 (IH, d, 13 Hz), 3.13 (IH, d, 12.5 Hz), 
2.72-3.02 (4H, m), 1,70 (IH, septet, 7 Hz), 0.94 (3H, d, 7 Hz), 0.84 (3H, d, 7.0 Hz). 
LCMS (12 minute method): mJz 334.4 [M-HCi+H]* Rt2.94 min. 

Exainplft^i Preparation of l-llJ^-biphenvn-2-vl>3-metfavi>2-morpholin-2"^v[bPtan-2- 
10 ol hydrochloride (28) 

l~[14''B^Heiiyll^2^yl'3'meaiyi'-2't4^he^ (27) 



mmol). 2-PhenyIbenzyi magnesium faromide is prepared fix>m commercially available 
(Aldiidi) 2-phen^benzyl bromide following General Procedure 5. Purification usii^ ion 
exchange chnnnatography, followed by automated column chromatogr^hy (eluent, 
EtOAc/n-heptane 0/100 to 20/80 [v/v]) gives 27 as oil (0.46 g, 40%). MW 415.58; 
20 C28H33NO2; LCMS (6 minute method): m/z 416.2 [M+Hf , RT3.45min. 

2-/7^1 VB|p/ireiQtf7-*2-jtf-5-jn^ hydncMoride (28) 



28 is obtained fitom 27 (405 mg, 0.976 mmol), a-cUoroethyl diloroformate (0.42 mL, 
3.9 mmol) and polymer-suppcxrted Htinig's base (0.55 g, 1.95 mmol) m DCM (7 mL) 




Compound 27 is obtained from 5 (0.7 g, 2.83 mmol) and 2-phenyIbenzyl magnesium 
bromide (12.5 mL, 3.11 mmol) in anhydrous THF (15 mL) following General Procedure 
15 2 and further equivalents of 2-phenyIbenzyl magnesium bromide reagent (113 mL, 5.66 




H 



CM 
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following General Procedure 3. The crude product is purified using ion exchange 
chromatogr^hy, and then converted to its hydrochloride salt following General 
Procedure 4 to give 28 as a white soKd (0.23 g, 71%). MW 361.91; C2iH27N02.Ha; 
NMR (CShOD) 8 7.61-7.64 (IH, m), 7.19-7.47 (8H, m), 3.95 (IH, dd, 4 Hz, 13 Hz), 
5 3.61-3.71 (2H, m), 3.04- 3.19 (4H, m), 2.96 (IH, td, 4 Hz, 12.6 Hz), 2.70 (IH, dd, 13, 
11.5 Hz), 1.67 (IH, septet, 7 Hz), 0.75 {3H, d, 7 Hz), 0.63 (3H, d, 7 Hz); LCMS (12 
minute method): m/z 326.2 [M-HCl+H]"", Rt5.02 xnin. 

Example 10; Prenanition of l-f4-Fl noro[l,l>>bipheDvlT>2-v!V3^methvK2-mnrphnliii, 
10 2»vlbutan-2"Ol hydrochloride (3Q> 

l-<4-Fluoro[lJ'^biphenyl]'2-yl)^3'meaiyU2'[4^p^^ 
ol hydrochloride (29) 




Compound 29 is obtained finom 5 (1.13 g, 4.57 mmol) and 2-phenyl-5-fluorobenzyl 
1 5 magnesium bromide (0.5M in THF, 1 0.5 mL, 5.03 mmol) in anhydrous THF (30 mL) 
following General Procedure! (&rther2-phenyl-5-fluoix>ben2yl magnesium bromide 
(0.33 eq, 3 mL, 1.51 mmol) is added after 30 min). 2-Phenyl-5-fluorobenzyl magnesium 
bromide is obtained from 2-phenyl-5-fluorobenzyl bromide following General Procedure 
5. Purification by ion exchange chromatography followed by automated column 
20 chromatography (eluent, EtOAc/n-heptane 0/100 to 20/80 [v/v]) gives 29 as a yellow oil 
in 86% purity which is directly used in the next step (1 .58 g recovered material). MW 
415,58; C28H33NO2; LCMS (6 minute method): m/z 434.5 [M+H]'', Rt3.71 min. 
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l'(4-'Fluoro[l,r'biphenyl]^2'yl}'3'methyU2''morpho^^ hydrochloride 
(30) 




CH 



30 is obtained from 29 (1.S8 g, 3.63 mmol), a-chloroe&yl dblorofonnate (L57 ml^ 3.63 
5 mmol) and polymer-supported Hunig*s base (2.04 g, 726 mmol) in DCM (30 mL) 
following General Procedure 3. The crude product is purified using ion exchange 
chromatography, automated column chromatography (ehient, MeOH/ DCM 0/100 to 
20/80 [v/v]), and preparative LO^S. Conversion to the hydrochloride salt following 
General Procedure 4 gives 30 as a yellow solid (0.3 g, 22%). MW 379.91; 
10 C21H26FNO2 JiCl; ISIMR (CD3OD) S 7.20-7.35 (6H, m), 7.07-7.14 (IH, m), 6.90 (IH, 
td, 2.5 Hz, 8.5 Hz), 3.83 (IH, d, br, 10 Hz), 3.56 (2H, t, 10 Hz), 3.03-3.12 (2H, m), 2.79- 
2.98 (3H, m), 2.63 (IH, t, 11.5 Hz), 1.55 (IH, quintet, 7 Hz), 0.64 (3H, d, 7 Hz), 0.51 
(3H, d, 7 Hz); LCMS (12 minute method): m/z 344,1 [M-HQ+H]'', Rt 5.14 min. 



15 Example 11: Preparation of 14S*fluoro-2^methvloxv>pheiiYn"4-niethvl-2- 
morpho!in-2*'Vl-pentan-2-ol hvdirocMoride (32) 

U[5'FluorO'2'^melkyloxy)phenyl]'4'methyl-^^^ 
yl]petttan''2'Ol(31) 




20 Compound 31 is obtained from 6 (465 mg, 1.78 mmol) and 2-methoxy-5-fluorobaizyl 
magnesium bromide (3.92 mL, 1.96 mmol, 1.1 equiv.) in dry THF (10 mL) following 
General Procedure 2. Purification by ion exchange chromatogr<^hy followed by 
automated column chromatography (eluent, EtOAc/n-hq)tane 0/100 to 40/60 [v/v]) gives 
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31 as an oil (448 mg, 83% purity). MW 401.53; C24H32FNO3; LCMS (6 minute method): 
mil 402.2 [M+Hf , Rt 3.40 

l-[S'Ftmro-2-(meikyUo^)phe«ylJ-4-m^yl-2-morpk€^ 
^^chloride (32) 



I 




H 

5 CH 

32 is obtained ftom 31 (448 mg, 1.12 mmol), a-chloioefliyl chlorofonnate (0.48 m 
L, 4.47 mmol, 4eq) and polymer-siqjported HOnig's base (628 g, 2J23 mmol, 2eq) in 
DCM (10 mL) following General Procedure 3. Purification by ion exchange 
chromatogrj?)hy followed by preparative LCMS and convrasion to its hydnxailoride salt 

10 following General Procedure 4 gives 32 as a ^te solid (0.1 1 g, 32%). MW 347.72; 
C17H26FNO3. HCl; 'HNMR (CD3OD) 5 7.05-7.08 (IH, m), 6.95-6.98 (2H. m), 4.16 (IH, 
dd, 3 Hz, 12.5 Hz), 3.75- 3.86 (4H, m), 3.67 (IH, d, 10.5 Hz), 3.51 (IH, d, 12 Hz), 325- 
3.29 (IH, m), 3.07-3.20 (2H. m), 2.94 (2H. , 14 Hz). 1.86-1.9 (IH, m), 1.53 (IH, dd, 5.5 
Hz, 14.5 Hz), 1 .13 (IH, dd, 14.5 Hz, 5.5 Hz), 0.94 (3H, d, 2.5 Hz), 0.92 (3H, d, 2^ Hz). 

15 LCMS (12 minute method): mlz 312. 1 [M-HCl+Hj* 4.61 min. 

Example 12: Prep aration ofl-f2-(ethvlory^oheBvn-4-methvl-2-mornhoIin-2- 
vipentaH-2-ol ^34) 

H2-(EihyUacy)phenyl]-4-meAyl^2-[4-(pheaylmeaiyl)morpholm 



20 




Compound 33 is obtained fix>m 6 (3.0 g, 1 1.5 mmol) and 2-ethoxybenzyl magnesium 
chloride (available fiom Rieke Metals) (0.25M in diethyl ether, 50.5 mL, 12.6 mmol) in 
anhydrous THF (55 mL) following General Procedure 2. Anothw two equivalaits of 2- 
etboxybraizyi magnesium chloride (92 mL 
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1, 23 mmol) aie added after 30 mm. Fulification by automiated colmmi cbiomatogrq>hy 
(eluent, EtOAc/[i-h€i)tane 100 to 25/75 [v/v]) gives 33 (3.21 g) as a colouriess ofl in 86% 
purity as a mixture of diastexeomeis. MW 39736; C25H35NO3. LCMS (6 minute mdhod): 
mJz 3983 [M+H]*, Rt3.42 & 3.60 min. 
5 l'[2^ihyloxy)phenyi]-4-meihyU2^orphota^ (34) 




34 is obtained from 33 (3.20 mg, 8.06 mmol)^a-chloioefhyl dbloiofomoate (3.48 ml^ 
32.2 mmol) and polym^-sqspoited Hlmig'sbase (4.53 g, 16.1 mmol) in D(3M (100 mL) 
following General Procedure 5. Purification by ion exchange chraaaatography Mowed 

10 by automated column chromatography (ehient, MeOH/ DCM 5/95 to 40/60 [v/v]), and 
preparative LCMS gives 34. (^hiral preparative chromatography (n-heptane:EtOH: DEA 
60:40:0.2 gradient, chiralcel-OD) afforded the first ehitxag enantiomer 34a (13 mg) (Rt 
8,25 min), and the second eluting oiantiomer 34b (Rj 10.17 min) as colourless oils. MW 
307.44; C18H29NO3; NMR (CDCI3) 8 7.16-7.22 (2H, m), 6.84-6.93 (2H, m), 3.97-4.17 

15 (2H, m), 3.90 (IH, dd, 3 Hz, 11 Hz), 3.53 (IH, td, 3 Hz, 1 1 Hz), 3.37 (IH, dd, 2 Hz, 10 
Hz), 3.18 (IH, d, 12 Hz), 3.04 (IH, d, 14 Hz), 2.74-2.91 (4H, m), 1 .89 (IH, septet, 6 Hz), 
1.52 (IH, dd, 5.5 Hz, 14 Hz), 1.44 (3H, t, 7 Hz), 1.11 (IH, dd, 6 Hz, 14 Hz), 0.93 (3H, d, 
7 Hz), 0.90 (3H, d, 7 Hz); LCMS (12 minute method): m/z 308.2 [M-HCl+Hf, Rt4.92 

miTi- 

20 
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Example 13: Prenarati op of 4-methv^2-'iPorDhoiiBi>2--vt-l><2ftriflnoromethYl) 
oxv1phenvnpePtan>2^1 hydrochloride (2S\ 

2-^1(35) 



5 




Coii5>ound 3S is prq)ared fiom 6 (0,83 g, 3.19 mmol) and commercially available 
OFtaorodiem) 24rifluoiDm^oxy benzyl magnesimn bromide (0.5M solution in THF, 
7.02 mL, 3.51 mmol, 1.1 eq) in anhydrous THF (21 mL) following General Procedure 2. 
Further equivalmts (3.19 mL, 1.60 mmol) of2-trifluoromeflioxy benzyl magnesium 
10 bromide are added after 30 min. Purification by ion exchange dmanatography gives 35 as 
yellow oil (1.39 & 99.5%). MW 437.51; C24H30F3NQ3; LCMS (6 minute method): m/z 
438.1 [M+H]\Rt3.70 min. 

4-Meihyl'2-morpholm-2-yl'J'^ftri/^^^ hydrochloride 
(36) 

0? 

H 

IS CH 

36 is obtained from 35 (1.39 g, 3.18 mmol), a-chloroethyl chlorofoimate (1.37 mL, 12.7 
mmol, 4 eq), and polymer-supported HQnig's base (1 .79 g, 6.36 mmol, 2eq) in DCM (25 
mL) following General Procedure 3. Puiification by ion exchange chromatography 
followed by preparative LCMS and conversion into tiie hydrodiloride salt foUowiiig 
20 General Procedure 4 gives 36 (0.16 g, 14%) as foam. MW 383.82; C17H24F3NQJ.HCI; 'H 
NMR (CD3OD) 5 7.43 (IH. d. 7 Hz), 7.16-727 (3H, m), 4.05 (IH, dd. 3 Hz. 13 Hz). 
3.58-3.74 (2H. m), 3.35-3.40 (IH. m). 3.23- 3.14 (IH, m). 2.97-3.10 (3H, m), 2.76 (IH, d. 
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14 Hz), 1.75 (IH, septet, 6JS Hz), 1.42 (IH, dd, 6 Hz, 14.5 Hz), 0.98-Lll (IH, m) 0.83 
(3H, d, 6 Hz), 0.81 (3H, d, 6 Hz); LCMS (12 xninute method): m/z 348.4 [M-HOfHf , 
RT3.1Snun. 



Example 14: Preparatiop of l-fl.r«-BiDhenvl]-2«yI^methvl-2^morphoBn-2- 
vtoeDtan-2-ol hvdrocMoride (38) 




Compound 37 is pr^aied fixm 6 (2.5 g, 9.56 mmol) and 2-phenylbenzyl magnesium 
10 bromide (0.25M sol., 42.1 mL, 10.5 mmol, 1.1 eq) in anhydrous THF (21 mL) following 
General Procedure 2. 2-PheQyIb«izyi magnesium bromide is prq)ared from 
commCTcially available (Aldrich) 2^hen)4benzyl bromide following General Procedure 
5. Another 3 equivalents of 2-phenylbenzyl magnesium bromide are added to drive tiie 
reaction to conq>letion. Purification by automated column chromatography eluent, 
15 EtOAc/n-heptane 0/100 to 25/75 [v/v], ) gives 37 (2.07g, 50%), which is used in the next 
step without further purification. MW 429.61; C29H35NO2; HA"": m/z 430 [M+H]*. 

1 




Compound 38 is obtained fam 37 (2.07 g, 4.81 mmol), a-<MorodSayi chloroformate 
20 (2.08 mL, 19.3 mmol) and polymer-supported Hunig's base (2.7 g, 9.6 mmol) in DCM 
(60 mL) following General Procedure 3. Purification by ion exchange chromatogr^hy, 
crystallization fiom MeOH/diethyl ether gives 38 as a white sohd (738 mg, 45%). MW 
339.48; C22H29NO2; ^H NMR (COaa) 5 7.29-7.46 (8H, m), 7.23-7.28 (IH, m), 3.79-3.91 
(2H, m), 3.66 (IH, dd, 10.9 Hz, 1.7 Hz), 3.18 (2H, dd, 12.8 Hz, 25.8 Hz), 2.84-3.04 (3H, 
25 m), 2.75 (IH, t, 11.5 Hz), L56-L68 (IH, m), 122 (IH, dd, 5,65 Hz, 14.7 HzX 0.98 (IH, 
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dd, 5.65 Hz, 14.7 Hz), 0.81 (3H, d, 11 Hz), 0.78 (3H, d, 3.0 Hz). LCMS (12 minute 
method): va/z 340.3 [M+HT, Rt 5.62niin. 

Phmj^meU^-Z-fJJ '■iiphenylJ-2-j^eaiyl)~l-hydrox3>-3-metkylbutylJ morphoUne-4. 
cariojcylate (cbz-38) 



5 




Benzyl chiorofoimate (0.37 mL, 2.61 mmol) is added to a stiiring mixture of 38 (738 mg, 
2.1 7 mmol) with NaHCCb (0.41 g) in a sospeusion of diefliyldher and water (24 mL) 
under N2 at roam temperature. After Ihour the reaction is quenched with ice wata- (1 5 
mL) and diluted with DCM The two phases are sq>arated, Ae aqueous phase is furtha- 

10 extrartedlX^M, the combined organic fiactions are dried ova- magnesmm sulphate, 
filtoed and evjpwated in vacuo. The isolated oil is purified using mitntn^t!<\ column 
chromatography (eluent, EtOAcAi-heptane OAOO to 30i/70[vAr]) followed by chiral 
preparative chromatogr^hy (Heptane:EtOHDEA 35:65:0.2 gradient, chiiacel AD-H) to 
give the first eluting enantiomer, d>z-38a (Rj 2.61 miu), and die second eluting 

1 5 enantiomer, cbz-38b 2.99 mm), both as a colourless oil MW 473.62; C30H35NO4: 
LCMS (6 minute method): mfz 456.3 [M-H2O+H]* and 496.2 [M+Na]*; Rt5.34 min. 
Hl,l''BiphenylJ-2'ja'4^eth3a-2-4noqthaBn-2-ylpent(m-2Htl hydrochloride (38a) 

0? 

H 

QH 

Palladitim on carbon (10% weight) (0.4 g) is added to a stirring solution of cbz-38a (0.39 
20 g, 0.84 mmol) with ammonium fonnate (0.53 g, 8.4 mmol) in ethanol (10 mL) at room 
temperature under nitrogen. The heterogeneous mixture is heated to reflux for 30 minutes, 
allowed to cool to room temperature and then filtered through a Celite pad. The filtrate is 
concentrated in vacuo, purified by ion exchange chromatography and then converted to 
the hydrochloride salt following General Procedure 4 to give 38a (0^5 g, 79%) as a 
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yeUow solid. MW 375,94; C22H2!J^Q2Ha: *H NMR {OhOD) 8 7.48 (IH, bs), 7.11-733 
(8H, m), 3.87(1H, bs), 3.37-3.57 (2H. m), 3.25 (IH, s), 2.77-3.10 (5H, m), 1.54 (IH, s, 
br). 1.07-1.19 (IH, m), 0.93-1.00 (IH, m), 0.72 (3H, d, 6 Hz), 0,69 (3H, d, 6 Hz): LCMS 
(12 mimite mefliod): m/z 340.2 [M-HCl+ir|% Rt530 min. 



Example 15; Preparation of l-(4-flnorori J^>biphenvl]-2-vIV4-methvl-2-inorpholiii- 
2-vipeiitaii-2-ol hydrochloride (40) 

l'{4-Fluoro[l,l *4fiphmyl]'2ryl'4^eAyi'^2'[4^henylmethyl)moTph^ 



Compound 39 is prepared fiom 6 (0.95 g, 3.65 mmol) and 2-phenyl-5-fluoro benzyl 
magnesium bromide (0.5M solution in diethyl eber, 1 .2 eq) following General Procedure 
2. 2-Phenyl-5-flu<»obenzyl magnesium bnmiide is obtained fiom 2-phenyl-5- 
fluoiobenzyl bromide following General Procedure 5. Excess 2-phenyl-5-fluoro benzyl 
1 5 magnesium bromide is subsequently added at room tenqperature and the reaction left 
stirring for 1 hour. PurijBcation by column chromatogr^hy (eluent, EtOAc/cyclohexane 
50/50 [v/vD gives 39 as a viscous oil (1.31 g, 80%). MW 447.60; C29H34FNO2: LCMS: (6 
minute method) m/z 448 [M+H]'', Rt 3.88 min. 



40 is prepared from 39 (1-31 g, 2.92 mmol), a-chloroethjd chloroformate (0.9 mL) and 
solid siqipoTted Hunig's base (1.64 g) in anhydrous DCM (30 mL) following General 



ol(39) 




20 (40) 
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Procedwe 3. Purification by ion exchange ion exchange chromatogr^hy gives fbs free 
base of 40 as a viscous oil (0.71 g. 62%). After further purification using UV-guided 
preparative LCMS, the hydrochloride salt 40 (0.451 g, 39 %) is obtained foUowing 
General Procedure 4.MW 393.95; CzzHjgFNQz. HCl; •HNMRPMSO-d6);6 9.16(lH, 
5 s). 8.98 (IH, s), 7.44-7.32 (4H, m), 723-7.06 (4H, m). 3.83 (IH, dd. 12 Hz, 3 Hz), 3.59- 
3.50 (3H, m), 3.18 (IH, d, 12.5 Hz), 3.08 (IH, d, 12.5 Hz), 2.92-2.67 (4H, m). 1.54-1.40 
(IH, m), 1.03 (IH, dd, 14.5 Hz, 5 Hz). 0.88 (IH, dd, 14.5 Hz, 6.5 Hz), 0.74 (3H, d, 6.5 
Hz), 0.67 (3H, d, 6.5 Hz); LCMS: (12 minute method) m/z 358 [M-HQ+H]'^ Rt 5.47 min. 

^0 E^mple 16: Preparation of l-cvcloDenfvI-2-f5-fluQro-2-(methvloxv>Dhenvll-l- 
morpholin-2-vletlianoi hydrochloride (42) 

J-Cyclopentyl-2'f5-/bioro'2-(methyloxy)phettylJ-l'f4-(^ 
jdjethanol (41) 



I 




1 5 Compound 41 is obtained fiom 7 (0.7 g, 2.56 mmol) and 2.metboxy-5-fluQroben2yl 
magnesium bromide (5.63 mL, 2.82 mmol l.leq) in anhydrous THF (15 mL) following 
General Procedure 2. Further equivalents of 2-melhoxy-5-fluoK)beozyl magnesium 
bromide (8.49 mL, 4.25 mmol) are added. Purification by ion exchange chromatography 
gives 41 as a yeUow oil (843 mg. 62% purity). MW 413.54; C2SH32FNO3; LCMS (6 

20 minute method): m/z 4142 [M+H]*' Ry 4.1 1 min. 

l'Cychpentyt-2-[S-flttoro-2^meaiyloxy)pkenyl]-l-morphoUn'2-ylethan^^ 
hydrochloride (42) 



I 
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The free base of 42 is obtained from 41 (0.84 g, 2.04 nunol), a--diloioethyl 
chlorofonnate (0.88 mL, 8.16 mmol, 4 eq) and polymer-supported HQnig's base (LIS g, 
4.08 nnnol, 2eq) in DCM (15 mL) following General Procedure 5. Purification by ion 
exchange chromatography, followed by automated (duGmatography (DG^i/MeOH 9S/5 to 

5 80/20 [vAr]) and preparative LCMS and conversion into the hydrodbdoride salt following 
General Procedure 4 gives 42 as a colourless gum (0.18 g, 14.1%). MW 359.82; 
CibH26FNC)3BC1; l^MR (CD3OD) 6 7.1 1-7.14 (IH, m), 6.95-6.97 (2H, m), 4.07^.15 
(IH, m), 3.67-3.75 (2H, m), 3.43 (IH, d, 12 Hz), 3.23 (3H, s), 3.22 (IH, d, 12 Hz), 2.92- 
3.10 (4H, m), 2.13-2.19 (IH, m), 1.42-1.73 (8H, m); LCMS (12 minute method): m/z 

10 324.1 [M-HCl+H]*, Rt 4.83min. 



Example 17: Preparatiop of lHnyclapentvl-2-[24ethvk>xv^phenvll-l-morpholin*2> 
vlcthanol hydrochloride (44) 

l^ydopentyU2'f2'^eOnyloxy^^ (43) 




Conq>omid 43 is ohtained firom 7 (2.09 & 7.68 mmoQ and 2-ediyloxy benzjd magnesinm 
bromide (available fixmi Rieke Metals) (025M solution in diefi^ ether, 1.1 eq) following 
General Procedure 2. Purification by prqparative LCMS gives 43 as viscous oil (0.691 g, 
22 %). MW 409.57; C26H3SNQ3; LCMS: (6 minute metho<0 m/z 410 (M+Hf , Rt 3.8min. 

20 i-^d:0/yeRO^/r2-/Z-<£2^^ hydrochloride (44) 




The fiee base of 44 is obtained firom 43 (0.691 g, 1 .69 mmol), a-chloioethyl 
chlorofomiate (0.80 mL) and solid si^orted Hunig's base (0.95 g) in anhydrous DCM 
following General Procediare 3. Purification by ion exchange and conversion into its 
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hydrochloride salt following General Procedure 4 gives 44 (0.39 g, 65%) MW 355.91 ; 
C19H29NO3.HCI; 'HNMR (CD3OD): 5 7.12-7.22 (2H, m), 6.82-6.88 (2H, m), 4.09-4.16 
(3H, m), 3.69-3.80 (2H. m), 2.80-3.29 (6H, m), 2.04-2.10 (IH, m), 1.53-1.73 (IIH, m); 
LCMS: (12 minute method) m/z 320 [M-HQ+H]*, Rt 5.03 min. 



Example 18; Preparatio n of l-CvcloDentvl-l-niorDholin-2-vl-2-(2-rtiiflnoro 
methynoivl phmvl) eflianol hydrochloride r46> 

l-Cydopen^I-2-[5-fluoro-2'(metkyhxy)phenylJ-l-^4^kenylmethyl)m 
yljahanol(45) 



Compound 45 is obtained from 7 (0.6 g, 2.19 mmol) and commeicially avaiUdile 
(Fluorodiem) 2-ttifluoromethoxy-benzyl magnesium bromide (0.5M solution in 
di^yldher, 4.8 mL, 2.41, mmol, 1.1 eq) in anhydrous THF (15 mL) following General 
Procedure 2. After addition of another 2 equivalents of 2-trifluoromethoxy-benzyl 
15 magnesium bromide and stining for 2 hours at 0°C purification by ion exchange 

chromatography gives 45 (0.89g, 90%). MW 449.52; C25H30F3NO3. LCMS (6 minute 
method): m/z 450.2 [M+H]*, Rt 4.084 min. 

l-Cyckfpentyl-l-morpholin'2-yl-2-^2'[(triflttorometkyl){a<y]plia^}etkanol 
hydrochloride (46) 



The free base of 46 is obtained from 45 (886 mg, 1 .97 mmol), a-chloroethyl 
chlorofonnate (0.85 mL, 7.9 mmol, 4eq) aikl polymer-supported HQnig's base (1 .1 1 g. 



5 



10 




20 
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3.94 imnol, 2eq) in DCM (15 mL) following General Procedure 3. Purification by ion 
exchange dnomatography followed by pi 'q) af gtive LCMS and convemon to its 
bydiochloride salt following General Procedure ^ gives 46 as a gum (140 mg, 20%). 
MW 395.85; C18H24F3NQ3 JIQ; *H NMR (CD3OD) 6 7.48-7.50 (IH, m), 7.14-7.25 (3H, 
5 m), 3.97 (IH, dd, 2.3 Hz, 12.5 Hz), 3.60-3.68 (2H, m), 3.27-3.31 (IH, m), 3.03 (2H, . 
12.5 Hz), 2.73-2.97 (3H, m), 2.00-2.1 1 (IH, m), L30-L63 (8H, m); LCMS (12 minute 
method): m/z 360.14 [M-Ha+H]^ Rt5.14 min 



Example 19: Preparation of 2-fU -biphenvl]*2«vl-l-<vcloDaatvl-l-morpholin-2" 
10 vietfaanol hydrochloride (48) 

2-/i J '-jBqy|i«iiy(^-2-j^/-i-cpcloj9e^ (47) 




Compound 47 is prepared from 7 (1 .27 g, 4.65 imnol) and 2-phenyIbenz^ magnesium 
bromide (0.25 M solution in diethyl ether, 1.1 eq) followmg General Procedure 2. 2- 

15 Pheaylbenzyl magnesium bromide is piq)ared from commercially available (Aldrich) 2- 
phenylbenzyi bromide following General Procedure 5. Purification by flash cotunm 
cbzomatography (ehient, cyclohexane/EtOAc 90/10 [v/v]) gives 47 as viscous oil (1.75 g). 
47 is taken onto the next step without fixrttier purification. MW 441.62; C30H35NQ2; 
LCMS: (6 minute mettiod) m/z 442 [M+Hf , Rt 3.51 min. 

20 2-/7,2 ^''B^hei^ll'2^yl'l^€lopentyi'l'm0nphoUn'2^j^etluuiol hydrochloride (48) 

The free base of 48 is prqaared from 47 (1.75 g, 3.95 mmol), solid supported Hiinig's 
base (222 g) and a-chloroethyl chlorofoimate (1.62 mL) in anhydrous DCM (30 mL) 
following General Procedure 3. Purification by ion exchai^e chzomatogFaphy followed 
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by flash column chromatography (eluent, MeOH/DCM 1/99 to 20/80 [v/v]) gives the free 
base as a viscous oil (805 mg, 58%) which is converted into 48 following General 
Procedure 4. MW 387.95; C23H29NO2HCI; 'H NMR (CD3OD): 5 7.66-7.40 (IH. m) 
7.19-7.47 (8H, m), 3.92 (IH. dd, 13 Hz, 3.5 Hz), 3.59-3.67 (2H, m), 3.05-3.16 (4H, m), 
5 2.93 (IH, td, 13 Hz, 3.5 Hz,), 2.59 (IH, t, 12 Hz), 1.98-1.88 (IH, m), 1.55-1.19 (8H, m); 
LCMS: (12 minute method) m/z 351 [M-HCl+H]*, Rt 5.68 min. 

Example 20; Preparation of l -cvcloDentvl-2-f4-fluorori.l'.biDhenvll-2-vlM- 
mon>holin-2-vlethanoi hydrochloride (50^ 

10 l'Cydopeutyl-2^4-fluorofU '-biphenylJ-2.yl}.l.[4-(phenybnethyl)moipholin-2- 
ylethanol hydrochloride (49) 




Compound 49 is obtained from 7 (0.9 g, 3.29 mmol) and 2-pheDyl-5-fluorobenzyl 
magnesium bromide (0.5M sohition in THF, 7.24 mL, 3.62 mmol) in anhydrous THF (20 
mL) followmg General Procedure 2. 2-Phenyl-5-fluorobaazyl magnesiimi bromide is 
prepared frcan 2-phenyl-5-£luorDbenzyl bromide following General Procedure 5. Furflier 
2-phenyl-5-fluorobenzyl magnesium bromide is added after 30 min (0.3 eq, 2 mL, 0.99 
mmol). Purification by ion exchange chromatography followed by automated column 
chromatography eluent, EtOAc/n-hqptane 0/100 to 20/80 [v/v]) gives 49 (1.26 g, 83%) as 
a colourless Uquid. MW 459.61; C30H34FNO2; LCMS (6 minute method): m/z 460.5 
[M+Hf,RT3.98min. 

l-Cychpeufyl-2-(4-fluorofJ,I '-b^henytJ-Z-yO-l-motphoUn-Z-ylethanol hydrochhrtde 
(SO) 
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Hie free base of 50 is obtamed fiom 49 (1^6 mg, 2.73 mmol), a-diloioethyl 
chloiofiinnate (1.18 mL, 10.9 mmol) and poljmer-su^iported HOnig's base (1.54 g, S.47 
mmol) in DCM (25 xnL) following General Procecture 3. Purification by ion exdiange 
chtomatography followed by automated colunm chiomatogr^hy eluen^ MeOH/ DCM 

5 100 to 20/80 [y/vj) and conversion to its hydrochloride salt gives 50 as a yellow solid 
(0^ g, 23%). MW 405.94; C23H28FN02iICl; NMR (CD3OD) 8 720-7.37 (6H, m), 
7.08-7.13 (IH, m), 6.91 (IH, td, 3.5 Hz, 8.5 Hz), 3.80 (IH, dd, 3.5 Hz, 13.0 Hz), 3.42- 
3.54 (2H, m), 2.99-3.06 (2H, m), 2.93 (2H, s), 2.83 (IH, td, 4.0 Hz, 12.5 Hz), 2.53 (IH, t, 
12.0 Hz), 1.73-1.85 (IH, m), 1.12-1.44 (8H, m). LCMS (12 minute method): m/z 3102 

10 pvi-Ha+HI^RT5.46min. 

Exay w p^*^ ^1 ? Preparation of 2-f5^flnDro-2-froetfavloxv)Dhenvll^l^morDholin^2-vl-l^ 
tet^ahvdro^'2H-PV^aD^vlefllapoI hydrochloride fS2) 

2'f5'lluoro^2'^me^laxy)pkegg^'J'[4^ 
15 m-pyran-^^^leauma^Sl) 




. Compound 51 is obtained fix>m 8 (0.6 g, 2.07 mmol) and 2Hnedioxy-5-fluon)ben^ 
magnesium bromide (4.6 mL, 228 mmol, l.leq) in anhydrous THF (15 mL) following 
General Procedure 2 Further equivalents of 2-methoxy-5-fluorobenzyl magnesium 
20 bromide (8.28 mL, 4.14 mmol) are added and the mixture is warmed to room tenq)erature 
and left stirring over night Purification by ion exchange chromatography followed by 
automated chromatogr^hy (eluent, n-heptane/EtOAc 90/10 to 30/70 [v/vj) gives 51 as a 
colourless oil (375 mg, 42%). MW 429.54; C25H32FNO4; LCMS (6 minute method): m/z 
4302 [M+Hf , Rt 3.12 min. 
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hydrochloride (52) 




an 



The free base of 52 is obtained from 51 (0.31 g, 0.73 mmol), a-chloroethyl 
5 chlorofonnate (03 1 mL, 2.9 mmol) and polymer-supported Hiinig's base (0.41 g, 1.45 
mmol) in DCM (7 mL) following General Procedure 2. Purification by ion exchange 
chromatography and conversion to the hydrochloride salt following General Procedure 4 
gives 52 as a white solid (0.19 g, 77%). MW 375.82; C18H26FNO4HCI; ^HNMR 
(CD3OD): 5 6.98-7.01 (IH, m), 6.83-6.86 (2H, m), 3.99 (lH,dd, 3.5 Hz, 13 Hz), 3.82- 
10 3.87 (2H, m), 3.63-3.73 (5H, m), 3.12-3.33 (4H, m), 2.91-3.02 {2H, m), 2.81 (2H, , 14 
Hz), 1.31-1.73 (5H, m); LCMS (12 minute method): m/z 340.2 [M-HCl+H]'', Rj 3.78 
min. 



Example 21a; Preparatioii of 2-rs^fliioro-2-/m effivio]ar)phgnvn-l-moniholin>2-vM> 
15 tetrahvdro -2H-pvraii^-vlethapol hydrochloride «2b^ 

2'[S'Fluoro-2^meAyloxy)phenyl]-l^l4^henylmethyl)m^ 
2H'pyran'4'ylethanol Itydrochloride (51b) 



i 




2-Methoxy-5-fluoro-ben2ylbromide (455.6 g, 2.079 mol) is dissolved in toluene (1592 
20 mL). 8b (400.8 g, 1386 mmol) is dissolved in toluene (400 mL). An inerted 20 L vessel is 
charged with 2-MeTHF (1202 mL), magnesium (50.59 g, 2.079 mol) and 1.5M DIBALH 
(16 mL). The benzyl bromide solution is charged in a funnel flask then an initial charge 
of 5% of the total amount of benzyl bromide is added to the magnesium mixture at 22^C. 
After 15 mins, the remainder of the benzyl bromide solution is added over 160 mins at 



BNSDOCID <WO 2005047272A1_I_> 



wo 2005/047272 



PCTAJS20D4/032771 



-85- 

xoom temperatuxe. After an additional Ih stining, liie 8b solution is slowly added to the 
mixtme over 1 40 mins at -1 5**C. After a fiutfaer 30 mins, the qumch is pafonned by 
addition of acetic add (124 xnL) keqsing fiie temperature below -5X» then a 10/1 vA^ 
watei/acetic md mixture (2200 mL) is added keq>ing flie temperature below lOX. The 

S organic layer is esctracted at room temperature, filtered to remove Mg turnings and left 
ovemi^ The organic layer is washed with water (500 mL), tfam basification is 
performed by addition of water (1600 mL) and NHsaq (31 1*8 mL). The organic layer is 
concentrated and i-propanol (2000 mL) is added. The azeotrope tohiene/z-propanol is 
stripped ofifunder reduced pressure, thm z-propanol is rmioved. The brown-orange oil is 

10 dissolved in /-propanol (2380 mL) then 12N HClaq (138.6 mL) and water (2380 mL) are 
added. The apolar impmities are removed wifli a cyclohexane wash (4760 mL). Th«i, the 
aqueous layer is basified with NHaaq and extracted with toluene (4 L). The organic layer 
is washed with water (500 mL), then the combined aqueous layers are extracted with 
toluene (4 L) and tiien this new toluene solution is washed with water (500 mL). The 

IS combined orgmnc layers are concentrated und^ reduced pressure, then z-propanol (2 L) is 
added and the solution is concentrated again to provide a crude oil of 51b (550 g, 91% 
yeild; 94% ee) and 1 00 g of z-propanol. This crude oil is diluted with THF (2000 mL) and 
8.76M HBraq (153.9 mL) is added. This mixture is allowed to stir overnight and a thin 
suspension is observed. Thepreripitate is filtered and washed with THF (150 mL) to give 

20 34 g of racemic 51 as the HBr salt The mottier liquOTs are concentrated fbm toluene 
(1500 mL), water (500 mL) and NHsaq (103.58 mL, 1 386 mol) are added. The organic 
layer is extracted and washed with water (250 mL). The combined aqueous layers are 
extracted with toluene (500 mL). The combined organic layers are dried over MgS04 and 
concentrated under reduced pressure, &en i-propanol (2 L) is added and stripped off 

25 agam. Ihen, the oil is dissolved in i-propanol (1 L), 12N HCl (1213 mL) is added and the 
mixtme is allowed to stir for 1 5 mins, then the solvent is partially stripped off to provide 
51b as flie desired diast^eoisomer (1021 g; 98.4% ee) 
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2-[5'Huoro-2-methyloxy)phenyl]'l'mofpholin^^ 
hydrochloride (52b) 



A 6 L Pair bottle is loaded with 51b (1021 g), z-propanol (3630 mL) and water (639 mL). 
5 After purging with N2, 5% Pd-C 52% wet is added (1 05.6 g) and the mixture is then 

pressurized with hydrogen (50 psi). The reaction mixture is shaken for 9h30mins, then the 
mixture is filtered on a Hyflo Super Cel® pad (100 g) pre-imbibed widi 80/20 i- 
propanol/water (500 mL). The catalyst is rinsed with a 80:20: i-propanoI:water mixture 
(500 mL). The solvoits are stripped off then z-piopanol is added (2000 mL) to be partially 
10 removed again. Then /-propanol is re-added (1400 mL) and the heterogeneous mixture is 
concentrated to provide an off-white solid. To this crude alcohol 52b is added z-propanol 
(4474 mL) and the mixture is heated to reflux until a homogeneous sokrtion is formed. 
Then, the mixture is cooled slowly and the crystallization starts at 60**C. The powder is 
filtered at room teiiq>erature, rinsed with i-piopanol (2x350 mL) and dried under reduced 
15 pressure at 40°C to give hi^y pure compound S2b with 80% recovery yield (98.4% de, 
99.2% ee). 

Example 22: Prep aration of l-morpholin>2-vH-tetrahvdro-2H-DvraB-4-vl-2-f 2- 
fftrifluoromethvltoxvl Dhcnvliethanol hydrochloride (54) 

20 l-f4^henylmetkyl)mo9pholm'2-ylJ'4-l'teirahy 
f(trifluorometkyl)oxyJphenyl}ethatud (53) 



Compound 53 is obtained fi-om 8 (0.61 g, 2.1 1 mmol) and commercially available 
(Fluorochem) 2-trifluoromethoxy benzyl magnesium bromide (4.6 mL, 2.32 mmol, 1 .leq) 





o. 
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in aohydroiis THF (15 mL) following General Procedure 2. Finlher 2-tnflQOTomeQioxy 
benzyl magnesium bromide {422 mL, 2.11 mmol) is added Purificaticm by ion exchange 
dtuomatognphy g^ves 53 as an oil of 88% pnrity (1 39 g isolated mateiial, ca 88% purtiy) 
whidi is directly used in the next step. MW 465.52; G2sH3oF3N04; LCMS (6 minute 
5 method): m/z 466.2 [M+H]*, Rt3.67 min. 

l-Morpholm'2''yI^l'tetrahydrO'2H'io^ran^yl'^ 
phenyljethanol hydrochloride (54) 




The free base of 54 is obtained from 53 (0.27 g, 0.57 mmol), a-^oroethyl 
1 0 chloiofomiate (0.25 mL, 2.30 mmol, 4 eq) and polymer-supported Hunig's base (0.32 g, 
1.15 mmol, 2eq) in DCM (5 mL) following General Procedure 5. Purification by ion 
exchange chromatography followed by prq}arative LCMS (gradient) and conversion to 
the hydrochloride salt following General Procedure 4 gives 54 as white solid (82 mg, 
17%). MW 411.85; C,8H24F3N04aa. NMR (CD3OD) 5 7.45-7.48 (IH, m), 7.16-7.27 
15 (3H, m). 3.98 (IH. dd. 4.0 Hz, 13 Hz), 3.65-3.88 (4H, m), 3.12-3.31 (4H, m), 2.87-3.01 
(4H, m), 130-1.68 (5H, m); LCMS (12 minute method): m/z 376.1 [M-HC1+H1^ Rt428 
min. 

Example 23! Preparation of 2*fl>l*-biDhenvIl-"2"VM*morpholfaH2>vM>tctrahvdro> 
20 2ig-pYraii*4>vletiianol hydrochloride {56) 

2'llfl^'Siphei^l]'2''yUU[4-Q^henybnelhyl)mofpho 
ylethanol (55) 
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Compound 55 is prepared fiom 8 (0.56 g, 1.94 mmol) and 2-phenyl benzyl magnesium 
bromide solution (0.25 M solution in diethyl eflier, 9.31 mL, 2,33 nunol, 1 .2 eq) 
following General Procedure 2. 2-Phenyibenzyl magnesiimi bromide is prq>ared from 
commercially available (Aldrich) 2-phenylbenzjd bromide following General Procedure 
5 5 . Further 2-phenyl brazyl magnesium bromide solution (1 mL) is added and the reaction 
left under stirring ovemi^t Purification by ion exchange chromatography gives 55 as an 
o£F-white foam-like solid (0.37 g, 68%). MW 457.62; CaoHasNCb; LCMS. (6 minute 
mefliod): m/z 458 [M+Hf , Rt 3-58 min. 

2-[lJ''Biphenyl]'2-yl'l-morpholin^2^yl'l'tetrahyd^^ 
10 hydrochloride (56) 



The free base of 56 is obtained from 55 (0.588 g, 1.28 mmol), solid supported HQnig's 
base (0.72 g) and a-chloroethyl chloroformate (0.53 mL) in anhydrous DCM (20 mL) 
following General Procedure 3. Purification by ion occhange chromatography gives the 

15 free base of 56 as viscous oil (0.483 g), contaminated with a small amount of the N- 
protected compound SS. The residue is treated with an excess of reagents (1 eq), solid 
siqjported Hunig's base (0.36 g) and a-chloroethyl chloroformate (0.26 mL) in anhydrous 
DCM (20 mL) and methanol (20 mL) and purified by ion exchange chromatography to 
give the free base of 56 (0.432 g). Purification by preparative LCMS followed by 

20 conversion to its hydrochloride salt following General Procedure 4 gives 56 (0.280 g, 54 
%). MW 403.95; C23H29NO3.HCI; NMR (CD3OD): S 7.45-7.59 (IH, m), 7.10-7.35 
(8H, m), 3.85 (IH, dd, 13 Hz, 3.5 Hz), 3.75 (IH, dd, 11.5 Hz, 3.5 Hz), 3.51-3.59 (3H, m), 
2.83-3.12 (7H, m), 2.64 (IH, t, 12 Hz), 1.36-1.52 (2H, m), 1.024.21 (2H, m), 0.90-O.94 
(IH, m); LCMS: (12 min method) m/z 368 [M-HCl +H]*, Rt 4.6 min. 

25 
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RMin ple 74: PrcparatioB of 2-f3'-FlttorD4)iDhenvl>2^vM-inorpholip-2-vH> 
2'BTom4h'l^[4-{phenybneayl) mofphoBn-I'ylJ-Htetrahydro'pyrm 



Comniercially available (Aldrich) 2-bn)inobenzyl magnesiuiii bioznide (0.25M sohition in 
diethylether, 48.9 mL, 12.18 mmol, 2.6 eq) is added in tiiree jxntions over 90 minutes to a 
solution of 8 (1.3S g, 4.7 nunol) in dry THF ^0 mL) at O^C. After quendiing \vitfa ice 
water, saturated ammoniiim chloride solution is added and the aqueous phase washed 
with EtOAc. The combined organic phases are washed with brine and water, dried over 
magnesium su^hate and solvents removed in vacuo. Purification by ion exchange 
chromatogrq>hy followed by purification using automated column cbromatography 
(elueut, EtOAc/n-heptane 10/90 to 50/50 [v/v]) gives 57 (0.56 g, 26%). MW 460.42; 
C24H30BiNO3; LCMS (6 minute metho<Q: m/z 462.4 [M+H]+, RT 3.1 1 min. 
2'^'-T^U0rO'biphenyU2'yl)'l'l4^henylmeih^ 
4'yl)^anol (57) 



To a suspension of Pd(OAc)2 (2.44 mg, 0.01 1 mmol, 0.02 eq) in acetonitrile (1.5 mL) is 
added tr^henyl phosphine (1 1 .4 mg, 0.043 mmol, 0.08 eq) under nitrogen at room 
tenq)erature leading to the formation of a white precipitate. Addition of water (0.5 mL), 
3-fluoro-phenyl boronic acid (91.2 mg, 0.65 mmol, 1 J2 eq) and 57 (0^ mg, 0.54 mmol) 
gives a dark grey solutian after 10-20 minutes wfaidi is heated to reflux and left stirring 
at reflux ovemigbL Further 3-fluoro-phenyl boronic acid (70 mg, 0.55 mmol, 1 eq) and 
Pd(0Ac)2 (2-3 mg) are added and the mixture is left sdrring at reflux for another 24 




Br. 
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hours. Purification by ion exchange chromatognphy gives 57 (0.21 g, 83%) MW 475.61; 
C30H34FNO3; LCMS (6 ininute mefliod): m/z 476.4 [M+H]+, RT 3.41min. 
2'^3*'Fbioro4»iphetQfU2'yl)*l^morphoM''2-^^^ 




H H-a 



5 Compound 58 is obtained from 57 (0.213 g, 0.45 mmol), solid supported Htinig's base 
(0.25 g, 7.12 mmol, 4 eq) and a-chloroethyl chlorofoimate (0.19 mL, 1,79 mmol, 4 eq) in 
anhydrous DCM (7 mL) following General Procedure 3. Purification by ion exchange 
chromatography gives the free base of 58 as a white foam (125 mg) which is finther 
purified by preparative LCMS. Conversion to its hydrochloride salt foUowing General 
10 Procedure 4 gives 58 as a yellow gum (96.5 g, 56 %). MW 421.94; C23H2gFN03.Ha ; 
NMR (CD3OD): 8 7.60-7.45 (IH, m), 6.90-7.45 (6H. m), 3.55-3.95 (5H, m), 2.85-3.30 
(lOH, m), 2.64 (IH, t, 12.0 Hz), 0.95-1.45 (5H, m); LCMS. (12 minute method): m/z 386 
[M-HCl+H]^ Rt 4.64 min. 

15 Example 25: Preparation of S>5^triflnoro-l>f5-liuoro>2-methoxV'Phenvn-2> 
morpholiii^2-vl-pentap-2-ol (60) 

5,S,5'Trifluoro-l-l5-flu0ro-2'(methyloxy)phenyl^^^ 
ylJpentan-Z^l (59) 




20 Compound 59 is obtained from 9 (0.7 g, 2.32 mmol) and 2-methoxy-5-fluorobenzyl 

magnesium bromide (5.1 1 mL, 2.55 mmol, 1 .leq) in dry THF (15 mL) following General 
Procedure 2, Purification by ion exchange chromatography gives 59 as an oil of 80% 
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purity which is directly used in the next step (0.9 g recovered material). MW 441.47; 
C23H27F4NO4; LCMS (6 minute method): m/z 442.4 [M+H]*, Rt 336 min. 
5,5,5-Triftuonhl'[5^fluoro-2^meavlaxy)phe^^ 
hydroddonde(60) 



The free base of 60 is obtained from 59 (0.9 g, 2.04 mmol), a-cUoroedi^ chloroformate 
(0.88 mU 8.1s mmoU 4 eq) and polymer-supported HGnig's base (1.15 g, 4.08 mmol» 
2eq) in DCM (25 mL) following General Procedure 3. Purification by ion exchange 
duomatogr^by followed by preparative LCMS and conversion to the hydrochloride salt 
following General Procedure 4 gives 60 as a yellow soKd (0.133 g, 17%). MW 387.80; 
C16H21F4NO3.HCL *H NMR (CD3OD): 5 6.93^,96 (IH, m), 6.86-6.87 (2H, m), 4.09-4.13 
(IH, m), 3.68-3.75 (4H, m), 3.42-3.47 (IH, m), 3.34-3.40 (IH, m), 3.16-3.25 (IH, m), 
3.03-3.11 (2H, m), 2.83 (2H, , 14Hz), 2.12-2.29 (2^ m), 1.58-1.68 (IH, m), 1.29-1.39 
(IH, m). LCMS (12 minute method): m/z 352.1 [M-HCl+H]"', Rt 4.54 and 4.66 min. 

TT.Yftin plft 16: Preparation of 5^5-trilhioro--2-'morohoKn>2-vM42>triflttoromethoxv- 
Dheavl>-pe «fei«>2-nl (^2) 

S^5^5'Triflmro-2'!4^hettybneatyl)morpholm'^^ 
phenyl}pentan'2^l (61) 



Compound 61 is obtained from 9 (0.7 g, 2.32 mmol) and commercially available 
OFluorochem) 2-tiifiuorometfaoxy benzyl magnesium bromide (5.12 mL» 2.56 mmol, 
1 . 1 eq) in dry THF (1 5 mL) following General Procedure 2. Purification by ion exchange 




OH 
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cbroisatogr^hy followed by antomated column chromatography elueot, o- 
heptane/EtOAc 100/0 to 50/50 [v/v]) gives 61 as an oil (027 g, 25%). MW 477.45; 
C23H25F6NO3; LCMS (6 minvrte method): m/z 478.4 [M+H]*, Rt 3.63 min. 

SJt5'Trifltioro-2-morpholm'2-jd-l-{2-4i^bu>romethyl)ojy^ 
5 hydrwMoride(62) 




The free base of 62 is obtained fiwrn 61 (0.25 g, 0.53 mmol), a-chloroethyl 
chlorofomiate (0.23 mL, 2.12 namol, 4eq) and polymer-supported Hfinig's base (0.30 g, 
1.06 mmol, 2eq) in DCM (5 mL) following General Procedure 3. Purification by ion 

10 exchange chromatography followed by pr^arative LCMS and conversion to its 
hydrochloride salt gives 62 as a yellow solid (0.051 g, 23%). MW 423.78; 
CfiHisFfiNCbJiCl; NMR (CD3OD): 6 7.40-7.42 (IH, m), 7.19-7.30 (3H, m), 4.09^.13 
(IH, m), 3.71- 3.78 (IH, m), 3.50-3.53 (IH, m), 3.36-3.40 (IH, m), 3.08-3.22 (3H, m), 
2.89 (2H, , 14 Hz), 2.09-2.17 (2H, m), 1.65-1.75 (IH, m), 1.30-1.40 (IH. m); LCMS (12 

15 minute method): m/z 388.1 [M-HCl+H]*, Rt 4.99 min. 

Example 27: Preparation of l-ri.r -biphenvH-2-vl-S.5^triflnoro-2-morDholin-2- 
vipentan-2-ol hydrochloride (64) 

l-fl,l'-Biphen]^J'2-j^.5,5,5-triftuoro-2-[4-(phenylma 
20 (63) 




Conqjound 63 is obtained fiom 9 (0.7 g, 2.32 mmol) and 2-phenylbenzyl magnesium 
bromide (10.2 mL, 2.55 mmol, 1.1 eq) in dry THF (15 mL) following General Procedure 
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2. 2*PbenyIbenzyI magnesium bromide is pr^ared firom commercially available 
(Aldiich) 2-phOTyIbenzyl bromide following General Procedure 5. Purification by ion 
exchange cfaromatogrq>hy followed by automated column diromatography (eluent, 
exane/EtOAc 100/0 to 70/30 [v/v]) gives 63 as an oil (604 mg, 60% purity). MW 469.55; 
C28H30F3NO2; LCMS (6 minute method): m/z 470.4 [M+Hf , Rt 3.77 min. 
l'fl,l *-BiphenylJ-2'yl-S,S,S^fbwrO'2'moTpholin'^^^ hydrochloride (64) 




The fiee base of 64 is obtained fiom 63 (0.6 g, 1.29 mmol), a-chloioethyl chloroformate 
(0.56 mU 5.15 mmol» 4eq) and polymer-supported Hfinig's base (0.72 g, 2.58 mmol, 2eq) 

10 in DCM (12 mL) following General Procedure 3. Purification by ion exchange followed 
by preparative LCMS and conversion to the hydrochloride salt following Gmeral 
Procedure 4 gives 64 as a yeUow solid (0.16 g, 30%). MW 415.89; C21H24F3NO2. HCl; 

NMR (CD3OD) 5 7A3-1M (IH, m)^ 7.18-7.35 (7H, m), 7.10-7.13 (IH, m), 3.90- 3.95 
(IH, m), 3.57-3.65 (IH, m), 3.34-3.38 (IH, m), 2.92 (2H, , 14.5 Hz), 2.88-3.13 (4H, m), 

15 1.59-1.85 (2H, m), 1.15-1.39 (2H, m); LCMS (12 minute method): m/z 380.1 [M- 
HC1+H]^RT 5.22 min. 

Example 28: Preparation of 6.6.6"tiHluoro>l>l5-fluoro-2'(methvioxv>phenvH-2- 
morphol-2"Vlhexan"2-ol hydrochloride (66> 

20 6, 6, 6-Trifluoro-l'fS'fluoro'2'(meihyio3^)pltenylJ''2'f4'phenylmeihyl^ moipholin'2' 
yljhexan'2^1 (65) 
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Coinpoimd 65 is obtained fixmi 10 (0.6 g, 1.90 mmol) and 2-methoxy-5-fluorobesizyl 
magnesium bromide (42 mL, 2.09 mmol, 1.1 eq) in anhydrous TEiF (15 mL) following 
General Procedure 2 (further 2-methoxy-5-fluoroben2)d magnesium bromide is added 
(3.8 mL* 1 .90 mmol)). Purification by ion exchange chromatogi^y gives 65 in 87% 
purity as an oil which is direcUy used in the next step (0.7 g of recovered material). MW 
455.5(n C24H32FNO3; LCMS (6 minute method) m/z 456.2 [M+H]*, Rt 3.5 6min. 

hyihvckloride (66) 




OH 



The free base of 66 is obtained from 65 (0.7 g. 1.53 mmol), a-<hloroethyl chlorofoimate 
(0.66 mL, 6.1 mmol, 4eq) and polymer-supported HOnig's base (0.86 g, 3.05 mmol, 2eq) 
in DCM (13 mL) following General Procedure 3. Purificatian by ion exchange 
chromatography foUowed by automated column chromatography (eMeOH/ DCM 0/100 
to 20/80 [v/v]) and conversion to die hydrochloride salt gives 66 (0.19 g, 40%) as a white 
15 sohd. MW 401 .83; C,7H23F4NC)jJHCl; 'H NMR (CD3OD) 5 7.04-7.08 (IH, m), 6.95-6.97 
(2H, m), 4.21 (IH, dd, 3.0 Hz, 13.0 Hz), 3.78- 3.87 (4H, m), 3.63 (IH, dd, 2.0 Hz, 1 1.0 
Hz), 3.45-3.49 (Ift m). 3.27-3.33 (IH, m), 3.12-3.21 (2H, m), 2.97 (2H, , 14.0 Hz), 1.97- 
2.13 (2H,m). 1.61- 1.76 (2H,m), 1.48-1.58 (lH,m). 1.17-1.31 (IH, m); LCMS (12 
minute method): m/z 366.1 [M-HCH-Hf , Rt 4.72 mia 



20 
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TCyample 29; Praparation of 141J^-biphenvn-2*vl-<.6,6-trifhioro-2-morphoim 
vllheraiH2-ol hydrochloride (68) 

^^Biphenyl]''2^yl'6,696-tr^lmrO'2'[4^ha^l^ 

(67) 




CQnqx)und 67 is prepared finom 10 (0.853 g, 2.71 mmol) and 2>phenyl benzyl magnesium 
toomide (0^ M solution in diethyl ether, 1 .2 eq) following General Procedure 2. 2- 
Phenylbenzyl magnesium bromide is pr^ared fiom commercially available (Aldrich) 2- 
phenylbenzyl bromide following Genmd Procedure 5. Further 2-phenyl benzyl 
10 magneshma bromide is added later (192 ml^ 4.8 mmol). Purification by automated 

column chromatography (eluent» EtOAc/cyclohexane 20/80 to 40/60 [vAr]), followed by 
ion exchange chromalogFapfay gives 67 as a viscous oil (369 mg, 28%). MW 483.S8; 
C29H32 F3NO2; LCMS: (6 min me&od) m/z 484 [M+Hf , Rr 426 min. 
l'[l,l ''Bipher^l]'2-yl'4,6,6'trifluoro^2Hn0rphot^ hydrochloride (68) 




15 

The fiee base of 68 is obtained from 10 (0369 g, 0.76 mmol), solid siq[)pQrted Httnig*s 
base (0.43 g) and a-chloroelhyl chlorofoxmate (0.32 ml) in anhydrous DCM (10 mL) 
following General Procedure 3. Purification by ion exdiange chromatography gives the 
free base of 68 as a viscous oil (0 . 1 43 g, 48 %) which is converted into the hydrodiloride 
20 salt 68 following General Procedure 4. MW 429.91; C22H26NQ2F3HCI; ^HNMR 

(CDsOD): 7.44-7.47 (IH, m), 5 7.16-7.35 (7H, m), 7.08-7.1 1 (IH, m), 3.94 (IH, dd, 12.5 
Hz, 3.5 Hz,), 3.57 (IH, t, 12.5 Hz), 3.34-3.38 (IH, m), 2.80-3.11 (6H, m), 1.65-3,90 (2H, 
m), 1.02-124 (4H, m). LOvlS: (12 minute method) m/z 394 [M-Ha+Hj", Rt 5.42 min. 
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Example 30: Prenaratioii of l-C vclooronvl-2-f-2-(metlivlorv>phenvil-l-morDholin-2- 
yletfaaaol hydrochloride (IfSi 

l-^ychpropyl-2-[2-(methyloj^)phenyl]-l.[4-(phenylmethyl)motphoUn-2'^^^ 
5 (69) 

H 

a' 

Compound 69 is obtained from 77 (0.5 g, 2.04 mmol) and 2-methoxyben2yl magnesium 
bromide (available ftom Rieke Metals) (0.25M solution in THF, 9.0 mL, 2.24 mmol, 1.1 
eq.) in anhydrous THF (1 1 mL) foUowing Genend Procedure 1. Further 2- 
10 methoxybenzyl magnesium bromide (0.25M sohitiwi in THF, 4.08 mL, 1 .04 mmol, 0.5 
eq) is added after 10 mmntes. Puiification by ion acchange chiomatogn^hy gives 69 
whidi is directly used in Ihe nesct step (0.706g, 94%, >90% purity). MW 367.49; 
C23H25NO3; LCMS (6 minute method): m/z 368 [M+H]'", Rt2.52 min. 
l-Cyclopropyl-2-[-2-(methytmy)phenyl]'l-morpholin-2-ylethattol hydrochloride (70) 

IS R OH 

The free base of 70 is obtained from 69 (0.706 g, 1.92 mmol), a-chloroethyl 
chlon>£Hmate (0.83 mL, 7.69 mmol, 4 eq) and polymer-siqjported Hitaig's base (1.08 g, 
3.85 mmol, 2 eq) in DCM (25 mL) fi>llowing General Procedure 3. Purification by ion 
exchange ion exchange chromatogn?>hy followed by automated column chiomatogR^jhy 

20 (ehient, DCM/MeOH. 90/10 to 50/-50 [v/v]) gives the free base of 70 (0.29 g, 55%). A 
sample (0.06 g, 0.22 mmol) is converted into the hydrochloride salt 70 following General 
Procedure 4 (63 mg, 99%). MW 313.83; C,6H23N03.Ha- 'H NMR (CD3OD): 5 6.95-7.15 
(2H, m), 6.60-6.85 (2H, m), 3.95 (IH, dd, 2 Hz, 10 Hz), 3.55-3.7 (2H, m), 3.15-3.4 (2H, 
m), 3.05 (3H, s), 2.7-3.95 (5H, m), 0.4-0.55 (IH, m), 0.15-0.3 (IH, m). -0.1-0.1 (3H, m); 

25 LCMS (12 minute method): m/z 278.1 [M-HCI+H]*. Rt3.S1 min. 
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BTflmple ^1 ; Prenaratioii of l-CvdoproDvl-2->N2-^ctfavloxvlDhen^M-iiiorphoii^ 
vlethanol hydrochloride f72) 

l'Cydopropyl'2^[2^meihyloxy)phenyl]*l'[4^henyl^ mofpholin-l-yljethanol 
(71) 



Compoimd 71 is obtained fiom 77 (0.36 g, 1.47 mmol) and 2-«thoxybeDzyl magnesium 
bromide (available from Rieke Metals) (0.25M solution in THF, 6.47 ml^ 1.61 mmoU 1.1 
eq) in anhydrous THF (8 mL) following General Procedure 1. Further 2-efliox)^>enzyl 
magnesium bromide (0.25M solution in THF, 323 mL, 0.8 nomol, 0.5 eq) is added after 
30 minutes. Purification by ion exchange chromatography (eluent, EtOAc/n-heptane 
0/100 to 40/60 [v/v]) gives 71. MW 381 .52; C24H31NO3; LCMS (6 minute method): m/z 
382.4 [M+H]^ Rt2.83 mm. 

l'^clopropyl'2^f'2'(et^loxy)phenylj^l'm (72) 



The free base of 72 is obtamed firom 71 (0.62 g, L62 mmol), a-<diloroethyl 
chloroformate (0.93 g, 0.7 mL, 6.49 mmol, 4 eq) and polymer-siqiported Hunig's base 
(0.91 g, 3.24 mmol, 2 eq) in DCM (20 mL) following General Procedure 3. Purification 
by ion exchange chromatography followed by automated column chromatography 
(eluent, DCM/MeOH 90/10 to 50/-50 [v/v] ) gives the free base of 72 as an oil (0.32 g, 
68%) in 89% purity. Conversion into the hydrochloride salt following General Procedure 
^ gives 72. MW 327.85; C17H25NO3 -HCl; *H NMR (CD3OD); 5 6.9-7.05 (2H, m), 6.60- 
6.8 (2H, m), 4.05 (IH, dd, 2 Hz, 10 Hz), 3.7-3.85 (2H, m), 3.6 (IH, dt, 2 Hz , 7 Hz), 3.15- 
3.45 (2H, m), 2.8-2.95 (5H, m), 1.15 (3H, t, 7 Hz), 0.4-0.55 (IH, m), 0.15-0,3 (IH, m), - 
0.1-0.1 (3H, m). LCMS (12 minute method): m/z 292.1 [M-HCl+H]", Rt4.44 min. 
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Example 32; Preparation of 2-riJ^>biDhenvB-2>vl>l-cvcloproyvl-l-morDholiii--2- 
ylrthapol hvdrocMoride f 74^ 

2-[U''BiphenylJ-2-yl-l'Cyaopropyl'l'[4-(phenylm 



5 




CoDopound 73 is obtained fiom 77 (0.7 g, 2.86 mmol) and 2-phenyIben2yl magaesium 
bromide (0.25M sohxtion in THF, 12.58 mL, 3.15 mmol, 1.1 eq) in anhydrous THF (15 
mL) following General Procedure 1. 2-PhenyIbCT^l magnesium bromide is prepared 
from commercially available (Aldrich) 2-phm54benzyl bromide following General 
10 Procedure 5. Further 2-pheaylbenzyl magnesium bromide (0.25M solution in THF, 6.3 
mL, 1.65 mmol, 0.5 eq.) is added after 30 minutes. Purification by ion exchange 
chromatography gives 73 as a gum (1.07 g, 91%). MW 413.56; C28H31NO2; LCMS (6 
minute method): mJz 414.4 [M+H]^ Rj 3.1 1 min 
2'fl,l '^biphenyl]'2iyl'l-€yclopropyUUmorphoIm'2^yle^ (74) 



15 




The firee base of 74 is obtained from 73 (1.06 g, 2.57 mmol), a-chloroethyl 
chloroformate (1.11 mL, 10.3 mmol, 4 eq) and polymer-supported Hfinig's base (1.44 g, 
5.13 mmol, 2 eq) in DCM (30 mL) following General Procedure 3. Purification by ion 
exchange chromatography followed by automated column chromatography gives the free 
20 base of 74 (0.54 g, 65%) which is converted into the hydrochloride salt 74 following 

General Procedure 4. MW 323.44; C21H25NO2. NMR (CDCI3) 5h 7.46-7.53 (IH, m), 
7,30-7.44 (5H, m), 7.18-7.30 (3H, m), 3.72-7.82 (IH, m), 3.33-3.51 (2H,m), 3.07-3.20 
(3H^), 2.56-2,80 (4H, m), 0.25-0.39 (2H, m), 0.07-0.19 (IH, m), -0.09-0.03 (lH,m), - 
0.28- -0.16 (IH, m). LCMS (12 minute method): m/z 324.2 [M+H]'', Rt4.96 min. 

25 
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5 Add a solution of 4-benzyl-inoipholine-2-caiboxylic acid ethyl ester (1.12 g, 4.49 mmol) 
in tetiahydrDiuran (5 mL) to a stizied solution of 2-metfaoxybenzylmagnesium chloride 



-VfC imder nitrogen atmosphere. After 1 hour, add a saturated aqueous soluticm of 
sodium bicarbonate and exttact with dieth^ etfaa. Combine ttie organic layers and extract 
10 with brine, dry over magnesium sd&te, filt^, and concentrate under reduced pressure to 
give a residue to be taken forward without further purificatioiL MW 447.58; C28H33NO4; 



15 To a solution of 78 (2.2 g, 5 mmol) in EtOH (30 mL) under nitrogen atmosphere add 
ammonium finmate (3.1 g» 50 mmol) followed by palladium on charcoal (10 %, 2.2 g). 
Stir and heat at reflux the resulting suspension for an hour. Allow tiie reaction mixdne to 
cool to room temperature and ttien filter it through Celite ®. Wash tbe Celite ® with 
copious amounts of eQianol» combine the organic layers and concentrate und^ reduced 



20 pressure to obtain a residue. Purify and resolve the residue by Chkal HPLC to give 79; 
MW 393.91; C2iH27N04BC1;'H NMR (DMSO De): 5 2.41-2.52 (m, IH), 2.61-2.78 (m, 
IH), 2.85-3.44 (m, 8H), 3.50-3.65 (m, IH). 3.7 (s, 3H). 3.79 (s, 3H), 4.00^.12 (m, IH). 



(54 mU 0.25M solution in tetrahydroforan, commercially available from Rieke Metals) at 



LCMS (12 minute method): m/z) ^8.2 [M+H]+) Rt 4.8 min. 
l^-Bi5^2'metitaxyfhenyl)'2'motpholm'2^yl^ropm hydrochloride (79) 



0 




HCI 
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6.79-7.01 (m, 4H), 7.07-7.25 (m, 3H), 7.26-735 (m, IH); LCMS (12 minute method); 
m/z 358. 1 [M-HCl+H]) Rt 4.6 min single major peak; 

E3camDle34: Prepa ration of l>f2-Meflioxv>beiizvlV242-methoxV'-DlienvlM- 
5 morphoKD"2>vl-ethvlamiiie dihydrochloride 

l'<4-Benzyl'moiphom'2'yl)-l'(2'meAaxy-benzyl)-2'^2'^ 
diacetate (80) 



To a solution of 4-benzyl-moipholine-2-carbonitrile (lOg, 49.5 mmol) in diy diethyl ether 
10 (100 mL) at -10 under an atmosphere of nitrogen is added a solution of 2- 

methoxybenzyhnagnesium chloride (0.25M solution in tetrahydro&ran, 218 mL, 54.5 
mmol) available from Aldrich Chemical Company or Rieke Metals) and &e reaction 
mixtuie is further stined at -1 0 ^'C for 30 minutes. Then die reaction is allowed to wami 
to room ten5>erature and stiired ovemi^ The reaction is then cooled to 0 **C and 
15 quenched by addition of hydrochloric acid (5N aqueous solution, 50 mL) and the 
resulting mixture is stirred for 10 minutes at 0 ®C. Next the solution is basified wifli 
sodium hydroxide (2N aqueous solution), filtered dirougb Celite ® fhoi extracted with 
diethyl ether, the organics collected, dried CMgS04) and the solvent removed under 
reduced pressure to give a residue which is taken up into medianol and purified by SCX-2 
20 chromatogrq)hy prior to silica gel chromatography (eluent, ethyl acetate/n-hexane, 0/1 00 
to 40/60 [v/v]). The fiactions contaming the correct mass (FIA* [M+H]+=447) are 
collected and purified via preparative HPLC to give 80 (72 mg). MW 566.69; 
C28H34N2O3.C4H8O4; LCMS (12 minutes method): m/2)= 447.2 [M-C4H804+H]+ Rt 
4.60 min. 

25 l-(2'Methojqhbenzyl)-2-(2-methoxy'plienyl)-Umor^^ 
diltydrochloride (81) 
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2Ha 



To a methanolic solution of 80 (70 mg, 0.13 xnmol) is added anunonium fomiate 
(lOOmg, 1.6 mmol) and 10% Pd-C (ISO mg). The reaction is stirred under nitrogen and 
heated at reflux for 30 minutes then cooled and filtered through Celite ®. The filtrate is 

5 concentrated in vacuo and the residue is taken up in methanol and purified by SCX-2 ® 
ion exchange resin and the resulting residue redissolved in a 2M hydrochloric acid in 
diethyl e&er solution and then concentrated in vacuo to give 81 (1.7 mg, 0.3%). MW 
429.39; C2iH28N203.2HCl;^H NMR (CD3OD): 8 2.65-3.02 (m, 6H), 3.05-3.16 (m, IH), 
3.24-3.41 (m, 2H), 3.52-3.65 (m, IH), 3.70 (s, 3H), 3.80 (s, 3H), 3.91^.05 (m, IH), 6.84- 

10 7.08 (m, 4H), 7.12-7.32 (m, 4H). LCMS (12 minute method) m/z 357^ [M- 
2xHC1+H*]^t2.07 min. 

Example 35: Preparatiop of l->f2*Meftoxv-DhenvlV2-morpholm>2"Vl-hexan-2^1 
hydrochloride (84) 
1 5 2'^4-Benzyl'^OfphoUn'2iyl)-l'(2'methoxy-phenyl)'^^^ (83) 




Compound 83 is obtained from 82 (0.21 g, 0.81 mmol) and 2-phenyl-ben2yl magnesium 
bromide (4.9 mL, 1.21 mmol, 1 .5 eq) in anhydrous THF (10 mL) following General 
Procedure 2 and left stiiring for 50 minutes. Purification by ion exchange 
20 chiomatogFaphy gives 83 (0. 1 6 g crude) which was directly used in the next step. MW 
383.54; C24H33NO3; LCMS (6 minute method): m/z 384.4 [M+H]"^, Rj 3.05 min. 
l'{2'Methoxy^henyl)^2^nwrpholin''2'yl'lte^ hydrochloride sab (84) 
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The free base of 84 is obtained from 83 (023 g, 0.61 nimol), a-chloroethyl ddorofonnate 
(0.17 mg, 1.21 mmol) and polymer-suppotted Hiinig's base (0.47 g, 1.82 lomol, 3 eq) in 
DCM (10 mL) following General Procedure 3. Purification by ion exchange followed by 
5 preparative LCMS and conversion to the hydrochloride salt followiag General Procedure 
4 gives 84 as a yellow solid (0.1 g, 6%). MW 329.87; CtHjtNOj JiCl; 'H NMR 
(CD3OD): 8 6.74-6.66 (m, 2H), 6.46-6.33 (m, 2H), 3.69-3.61 (m, IH), 3.32-3.24 (m, 2H), 
3.14-3.07 (Hi. IH), 2.92-2.84 (m, IH). 2.83-2.69 (m, 3H), 2.67-2.56 (m, 2H), 2.50-2.39 
(m, 2H), 1.00-0.58 (m, 6H), 0.41-0.32 (m, 3H); LCMS (12 minute method): m/z 2942 
10 [M-HC1+H3+ and 3162 [M-HCl+Na]*, Rj 4.158 min. 

Example 36; Pren aratioii of2-MorDholiiivl-l-biDhenvl-2-Yl-hOTan-l-ni 
hydrochloride f86) 

2-(4-Benzyl-motpholin-2-jfl)-l-biphenyl-2-yl-hexm'2-ol(85) 



Compound 85 is obtained from 82 (0.21 g, 0.81 mmol) and 2-phenyl-bCTzyl magnesium 
bromide (4.9 mL, 1 .225 mmol, 1 .5 eq) in anhydrous THF (10 mL) following General 
Procedure 2. Further equivalents of 2-phOTiyl-benzjd magnesium bromide ^0 mL, 5.0 
mmol) are added and the mixture is left stining for two hours. Purification by ion 
20 exchange chromatography gives 85 (0.16 g crude) which was directly used in the next 
stq>. MW 429.61; CijEbjNQz; LCMS (6 minute method); m/z 430. [M+H]*,Rt 3.46 min. 
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l-MorphoUn^'l-biphenyUl-yl-hexan-l-ol hydrochloride (86) 




OH 

Hie free base of 86 is obtained fiom 85 (0.16 g, crade), a-chloroethyl chloiofbnnate (0.1 
mL, 0.77 imnol, excess) and polymer-siq>parted Humg*s base (1.15 nnnol, excess) in 

5 DCM (12 mL) following General Procedure 5. Purification by ion exchange followed by 
prq)arative LCMS and conversion to the hydrochloride salt following General Procedure 
4 gives 86 as a yeUow soUd (16 mg, 5% over steps). MW 375.94; C22H29NO2 HCl; 
NMR (ODsOD): S 7.90-7.35 (m, 9H), 4.30 (d, IH, 10.5 Hz), 4.00-3.90 (t, IH, 12 Hz), 
3.72 (d, IH, 10.5 Hz), 3.55 (bs, 2H), 3.44 (d, 2H, 11.5 Hz), 3.35-3.15 (m, 4H), 1.50-0.9 

10 (m, 9H); LCMS (12 minute me&od): m/z 340.3 [M-HCl+H]*, Rt 5.1 min. 

Exampjg-^'y? l-fM3doro-6-flnoro-phenviMHneavl-2-moro^ 
hydrochloride salt (88) 

2^4-Benzyl-morph0Un-2'yl)-1^2HMoro^JbwTo^he^^ (87) 




15 

Compound 87 is obtained fiom 6 (0.33 g, 1 .28 mmol) and 2-chloro-6-fluoro-benzyl 
magnesium bromide (8 mL, L92 mmol, 1,5 eq) in anhydrous THF (15 mL) following 
General Procedure 2. Furtihter equivalents of 2-chloro-6-fluoro-benzyl magnesium 
bromide (20 mL^ 3 .75 eq) are added and the mixture is left stirring over night 
20 Purification by ion exchange chromatography gives 87 (0.52 g, 99%) as a mixture of two 
diastereomos (^jproximately 6:1 ratio). MW 405.94; C23H29CIFNQ2; LCMS (6 minute 
method): m/z 406.2 [M+H]*, Rt 3.31 and 339 min. 
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I'^2^Chloro^'fluoroi?henyl)'4^metkyl''2'mofphoIm^2'^^^ 



The free base of 88 is obtained from 87 (0.52g, 1.27 mmol), a-chloroethyl chiorofoimate 
5 (0.28 mL, 2.54 mmol, 2 eq) and polymer-supported Hiinig's base (3.81 mmol, 0.98 g) in 
DCM (15 mL) following General Procedure 3. Purification by ion exchange and UV- 
guided preparative and chiral chromatography followed by conversion of the major 
diastereomer to flie hydrochloride salt following General Procedure 4 gives 88 (0.145 g, 
32%). MW 352.27; C16H23CIFNO2.HCI; NMR (CD3OD): 5 7.27-7.18 (m, 2H), 7.09- 
10 6.99 (m, IH), 4.15-4.04 (m, IH), 3.89-3.73 (m, 2H), 3.60-3.50 (m, IH), 3.35-3.00 (m, 
5H), 1.88-1.69 (m, 2H), 1.32-1.15 (m, IH), 0.97-0.86 (m, 6H); LCMS (12 minute 
method): m/z 298.1 [M-HCI-H2OH]* and 316.2 [M-HCl+H]", Rt 4.328 min. 

Example 38: l-f2<3iloro-Dhe nvlV4-meflivl-2-morDhQlig-2-vl-Deptan-2-ol 
15 hydrochloride salt (90^ 

2-(4-BenzyI'morpholin-2'yl)'l''(2'Chlora'phenyl)'^ (89) 



Compound 89 is obtained from 6 (0.33 g, 1 .28 mmol) and 2-chloro-benzyl magnesimn 
bromide (8 mL, 1 .92 mmol, 1 .5 eq) in anhydrous THF (15 mL) following General 
20 Procedure 2. Further equivalents of 2-chloro-ben2yl magnesium bromide (20 mL, 3.75 
eq) are added and the mixture is left stirring over night Purification by ion exchange 
chromatography gives 89 (0.598 g crude) which was direcfly used in the next step. MW 
387.95; C23H30CINO2; LCMS (6 mmute method): m/z 388.2 [M+H]*, Rt 3.13 min. 



salt (88) 
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l^{2-ChU^ra^henyl)^meihyU2HR0^ hydroddoride soli (90) 



The fiee base of 90 is obtained from 89 (0.598 g, 1.27 mxnol), a-cbloioelhyl 
chloiofoimate (031 mL, 2.82 mmol, 22 eq) and polyiner-siq)ported Himig's base (423 
mmol, 1.1 g) in DCM (15 mL) following General Procedure 3. Purification by ion 
exchange and UV-guided pr^aiative and chiral chromatognq)hy followed by conversion 
of the major diastereomer to tiie hydrochloride salt following General Procedure 4 gives 
90 (0.083 g, 19% over two steps). MW 334.29; Ci6H24CIN02.Ha; NMR (CP3OD): 
6 7.51-7.44 (m, IH), 7.39-7.31 (m, IH), 7.26-7.14 (m, 2H) 4.13 (d, IH, 9 Hz), 3.87-3.69 
(m, 2H), 3.47 (d, IH, 9 Hz), 3.38-3.03 (m, 4H), 2.99-2.88 (m, IH), 1.87-1.74 (m, IH), 
1.67-1.57 (xn, IH), 120-1.09 (m, IH), 0.95-0.83 (m, 6H); LCMS (12 minute method): 
miz 2802 [M-HC1-H20+H]+ and 2982 [M-HCl+H], Rt 4314 min. 

The pharmacological profile of ttie present compounds may be demonstrated as follows. 
All of the exemplified confounds above have been found to exhibit a Ki value less than 

1 fim at the norepmephrine transp(»ter as detenuined using the scmtiUation proximity 
assay described below. Furthennore, all of the exenq)Iified compounds above have been 
found to inhibit the norepinephrine transporter to a greater extmt tiban tfie serotonin and 
dopamine tran^orters using the scintillation proximity assays as described below. 

Generation of stable cell-lines expressing th e hiimgn dnpamine- norepinephrine and 
serotonin transporters 

Standard molecular cloning tedmiques are used to generate stable cell-lines esqjressing 
the human dopamine, n(mpinq>hrine and serotonin transporters. The polymerase chain 
reaction (PGR) is used in order to isolate and amplify eadi of ttieflnee full-length cDNAs 
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from an appropriate cDNA library. Primers for PCR are designed using the following 
published sequence data: 

Human dopamine transporter: GenBank M95167. Reference: Vandenbergh DJ, Persico 
5 AM and Uhl GR. A human dopamine transporter cDNA predicts reduced glycosylation, 
displays a novel repetitive element and provides racially-dimorphic TaqIRFLPs, 
Molecular Brain Research (1992) volume 15, pages 161-166. 

Human norepinephrine transporter GenBank M65105. Reference: Pacholczyk T, 
10 Blakely> RD and Amara SG. Expression cloning of a cocaine- and antidepr&ssant- 
sensitive human noradrenaline transporter. Nature (1991) volume 350, pages 350-354. 

Human serotonin transporter. GenBank L05568. Reference: Ramamoorthy S, Bauman 
AL, Moore KR, Han H, Yang-Feng T, Chang AS, Ganapathy V and Blakely RD. 
15 Antidepressant- and cocaine-sensitivehuman serotonin transporter: Molecular cloning, 
expression, and chromosomal localization. Proceedings of the National Academy of 
Sciences of the USA (1993) volume 90, pages 2542-2546. 

The PCR products are cloned into a mammalian expression vector (eg pc3>NA3.1 
20 (Invitrogen)) using standard ligation techniques. The constructs are then used to stably 
transfect HEK293 cells using a commercially available lipofection reagent 
(Lipofectamine™ - Invitrogen) following the manufacture's protocol. 

Scintillation proximity assays for deterniining the affinity of test ligands at the 
25 norepinephrine transporter. 

The compounds of the present invention are norepinephrine reuptake inhibitors, and 
possess excellent activity in, for example, a scintillation proximity assay (e.g. J. Gobel, 
D.L. Saussy and A. Goetz, J. Pharmacol. Toxicolo. (1999), 42, 237-244). Thus ^H- 
nisoxetine binding to norepinephrine re-uptake sites in a cell line transfected with DN A 
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<»iTr^iTig >^ imiap TiQTq>mqphrme transporter binding protein is used to detennine &e 
afBnity of ligands at tiie noiepmq>farine transporta-. 

Membrane Preparation: 

S Cell pastes fix>m large scale production of HEK-293 cells expressing cloned human 
norepiaq)hrine transporters are homogenized in 4 volumes 5QmM Tns-HCl containing 
30QmM NaQ and 5mM KCI, pH 7.4. The hbmogenate is centrifiiged twice (40,000g, 
lOmin, 4^C) with pellet re-suspension in 4 vokones of Tris-HCl buffer contaniing the 
above reagents after the first spin and 8 volumes after the second spin. Thesuspeaded 

10 homogenate is centrifuged (lOOg, lOmin, 4**Q and the supCTiatant kept and re- 
centrifiiged (40,000g, 20min, 4^C). The pellet is resuspended in Tris-HCl buffer 
containing the above reagents along with 10%wA^ sucrose and O.lmM 
phenylmethylsulfonyl fluoride ^MSF). The membrane preparation is stored in aliquots 
(ImL) at -80^C until required. The protein concentration of the membrane preparation is 

15 determined using a bidnchoninic acid (BCA) protein assay reagent kit (available fiom 
Pierce). 

[^-Nisoxetme Binding Assay: 

Each well of a 96 well microtitre plate is set iq> to contain the following: 
20 SOpl 2nM [N-me&yl-^-Nisoxetinehydiodiloride(70-87Ci/nmol,from^^ 
Science Products) 

7Sfil Assay buffer (50mM Tris-HQ pH 7.4 containing 300mM NaQ and SmM KQ) 
25^1 Test compoun4 assay buffer (total binding) or 10|iM Desipramine HCI (non- 
specific binding) 

25 50^ Wheatgerm agglutinin coated poly (vinyltoluene) (WGA PVT) SPA Beads 
(Amersbam Biosciences RPNQOOOl) (lOmg/mL) 
SOfil Membrane (0.2mg protein per mL) 

The microtitre plates are incubated at room temperature for 10 hours prior to reading in a 
Trilux scintillation counter. The results are analysed using an automatic spline fitting 
30 programme (Multicalc, Packard, Milton Keynes> UK) to provide Ki values for each of &e 
test compounds. 
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Serotonin Bi-ndin g Assay 

The ability of a test compound to compete with [^Hj-citalopram for its binding sites on 
cloned human serotonin transporter containing membranes is used as a measwe of test 
5 compound ability to block serotonin uptake via its specific transporter (Ramamoorthy, S., 
Giovanetti, E., Qian, Y., Blakely, R., (1998) J. Biol. Chem. 273, 2458). 



Membrane Preparation: 

Membrane preparation is essentially similar to that for the norepinephrine transporter 
1 0 containing m^branes as described above. The membrane preparation is stored in 
aliquots (ImL) at -70^C until required. The protein concentration of the mOTibrane 
preparation is determined using a BCA protein assay reagent kit. 

[^H3-Citalopram Binding Assay: 

15 Each well of a 96 well microtitre plate is set up to contain ilie following: 
SOfU 2nM [^-Citalopram (60-86Ci/mmol, Amersham Biosciences) 
75nl Assay buffer (5QmM Tris-HCl pH 7.4 containing 15QmM NaCl and 5mM KCI) 
25nl Diluted con^und, assay buffer (total binding) or lOOjiM Fluoxetine (noin- 
specific binding) 

20 SOfil WGA PVT SPA Beads (40mg/mL) 

50jil Membrane preparation (0.4mg protein per mL) 

The microtitre plates are incubated at room temperature for 10 hours prior to reading in a 
Trilux scintillation counter. The results are analysed using an autcmiatic splme fitting 
programme (Multiicalc, Packard. Milton Keynes, UK) to provide Ki (nM) values for each 
25 of tibie test compounds. 



Dnpflmin e Binding Assav 

The ability of a test compound to compete with [^-WIN35,428 for its binding sites on 
human cell membranes containing cloned human dopamine transporter has been used as a 
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measure of fhe ability of such test cGn^oimds to block dopamine uptake via its specific 
transporter (Ramamoortby et al 1998 supra). 

Membrane Preparation: 
S Is essentiaUytiie same as for membranes containing cloned hunianserotom 
as described above. 

[^-WIN35,428 Binding Assay: 

Each well of a 96well microtitre plate is set iq> to contain the following: 
10 50|il 4nM [^-WIN35,428 (84-87Ci/nnnol, from NEN life Science Products) 

75fxl Assay bufifer (SOniM Tris-HQ pH 7.4 containing ISOmM NaCl and 5mM KCl) 

25pl Dilated carapoxmi^ assay hvSe^ (total binding) or lOOfiM Nomifensine (non- 

qiecific binding) 
SOfil WGA PVT SPA Beads (lOmgAnL) 
15 50nl Membrane preparation (0.2mg protein per toL.) 

The microtitre plates are incubated at room temperature for 120 minutes prior to reading 
in a Trilux scintillation counter. The results are analysed using an automatic spline fitting 
programme (MuMcalc, Packard, Milton Keynes, UK) to provide Ki values for test 
confounds. 

20 

Add Stability 

The add stability of a confound according to the present invention may be detennined as 
a solution in buffer at 6 different pH values (HCl 0. IN, pH 2, pH 4, pH 6, pH 7, and pH 
8) at AffC over a time course of 72 houis. San^les may be tak» at the beginning of flie 
25 study and aft^ 3 , 6 and 24 hours and analysed by csqpiUary electrophoresis. The original 
sanq)le used in the study may contain 0.8% of the undesired q>imer as internal standard. 
If the tested con:q)ound is chemically and configurationally stable under addic conditions 
the samples taken at the different time points during the study should not show any 
significant change in the percentage of the undesired epimer. 

30 
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In Vitro Determ matinTi nf the Ihteractjon of compoxmds with CYP2D6 in Huma n Hepatic 
Microsomes 

Cytochrome P450 2D6 (CYP2D6) is a mammalian enzyme which is commonly 
associated with the metabolism of around 30% of phannaceutical coropomids. Moreover, 
5 this enzyme exhibits genetic polymoipbisni, resulting in the presence of bofli normal and 
poor metabolizers in the population. A low involvement of CYP2D6 in the metabolism of 
compounds (i.e. the compomid being a poor substrate of CYP2D6) is desirable in order to 
reduce any variability fiom subject to subject m the pharmacokinetics of the compound. 
Also, compoxmds witii a low inhihibitor potential for CYP2D6 are desirable in order to 
1 0 avoid drag-drag interactions with co-administered drags that are substrates of CYP2D6. 
Compounds may be tested both as substrates and as inhibitors of this enzyme by means of 
the following assays. 

CYP2D6 substrate assay 
15 Principle: 

This assay determines the extent of the CYP2D6 enzyme involvement in the total 
oxidative metabolism of a compound in microsomes. Preferred compounds of the present 
invention exhibit less than 75% total metabolism via ttie CYP2D6 pathway. 

20 For this in vitro assay, the extent of oxidative metabolism in human liver microsomes 
(HLM) is determined after a 30 minute incubation in the absence and presence of 
Quinidine, a specific diemical inhibitor of CYP2D6. The difference in the extent of 
metabolism in absence and presence of the inhibitor indicates the involvemmt of 
CYP2D6 in the metabolism of the con[q>ound. 

25 

Materials and Methods: 

Human liver microsomes (mixture of 20 different donors, mixed gender) are acquired 
from Human Biologies (Scottsdale, AZ, USA). Quinidine and p-NADPH 
(P-Nicotinamide Adenine Dinucleotide Phosphate, reduced form, tetrasodimn salt) are 
30 purchased from Sigma (St Louis, MO, USA). All the other reagents and solvents are of 
analytical grade. A stock solution of the new chemical entity (NCE) is prq>ared in a 
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mixture of Acetoxntrile/Water to leach a fina^ 
incubation below 0.5%. 

The microsomal incubation mixture (total volume 0.1 mL) contains the NCE (4 fxNQ, 
5 M^ADPH (1 mM), microsomal proteins (0.5 mg'mL), andQuinidine (0 or 2 ^M) in 100 

mM sodimn phosphate buffer pH 7 A The mixture is incubated for 30 minutes at 37 ""C in 

a shaking waterfaaQt The reaction is termrnated by the addition of acelonitrile (75 jiL). 

The sanq>les are voitexed and the denaturated proteins are removed by centrifugation. 

The amount of NC3E in the supernatant is analyzed by liquid chromatography /mass 
1 0 spectrometry (LC/MS) after addition of an internal standard. A sample is also taken at the 

start of the incubation (t=0), and analysed similarly. 

Analysis of the NCE is performed by liquid chromatogr^hy /mass spectrometry. Tea }xL 
of diluted samples (20 fold dilution in the mobile phase) are injected onto a Spherisoib 

15 CNColimm,S jiMand2-lmmx 100 mm (Waters corp. Milford, MA, USA). The mobile 
phase consisting of a mixture of Solvent A/SolvOTt B, 30/70 (v/v) is pun5)ed (AUiance 
2795, Waters corp. Milford, MA, USA) through the column at a flow rate of 0.2 
rhT ymmiite Solveot A and Solvent B are a nuxtureof ammoniimi fomoate 5.10'^ MpH 
4.5/ methanol in tite proportions 95/5 (v/v) and 1 0/90 (v/v), fi>r solvent A and soh^ent B, 

20 respectively. The NCE and the intraial standard are quantified by monitoring their 
molecular ion using a mass ^ectromet^ ZMD or ZQ (Waters-Micromass corp, 
Madiester, UK) operated in a positive electio q pray ionisatioiL 

The extent of C:YP2D6 involvemait (% of CYP2D6 involvement) is calculated 
25 oompanng the extent of metabolism in absence and in presence of quinidine in the 
incubatiozL 

The extent of metabolism wititiout inhibitor (%) is calculated as follows: 

(NCE responsein samples wfthout fahibitDr)tiiDe 0 - (NCE response in sanyles witfaopt iDhibitor)dme30 ^ 
(NCE response in samples wiftout inhibitor)timeO 

30 
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The extent of metabolism with inhibitor (%) is calculated as follows: 

(NCE response in samples without inhibitor)time 0 - (NCE re^onse in samples with inhibttor)time 30 ^ ^ 
(NCE response in samples without inhibitor)cimeO 

where the NCE response is the area of the NCE divided by the area of the internal 
standard in the LC/MS analysis chromatogram, timeO and timeSO correspond to the 0 and 
S 30 minutes incubation time. 



The % of CYP2D6 involvement is calculated as follows : 

(% extent of metabolism without inhibitor) - (% extent of metabolism with inhibitDr) ^^^^ 
% extent of metabolism without inhibitor 



10 CYP2D6 inhibitor assay 

Principle: 

The CYP2D6 inhibitor assay evaluates the potential for a compound to inhibit CYP2D6. 
This is performed by the measurement of the inhibition of the bufuialol 1 '-hydroxylase 
activity by the compound conq>ared to a control The 1 '4iydroxylation of bufiiralol is a 
1 5 metabolic reaction specific to CYP2D6. Preferred compounds of the present invention 
exhibit an IC^o M^er flian 6 pM for C YP2D6 activity, the ICso being the concentration of 
the compound that gives 50 % of inhibition of the CYP2D6 activity. 



Material and methods: 

20 Human liver microsomes (mixture of 20 different donors, mixed gender) are acquired 
from Human Biologies (Scottsdale, AZ)* P-NADPH is purchased from Sigma (St Louis, 
MO). Bufuralol is purchased from Ultrafine (Manchester, UK). All the other reagents and 
solvents are of analytical grade. 



25 Microsomal incubation mixture (total volume 0.1 mL) contains bufuralol 10 fiM, 
p-NADPH (2 mM), microsomal proteins (0.5 mg/mL), and the new chemical entity 
(NCE) (0, 5, and 25 nM) in 100 mM sodium phosphate buffer pH 7.4. The mixture is 
incubated in a shaking waterbath at 37 ®C for 5 minutes. The reaction is terminated by the 
addition of methanol (75 \iL). The samples are vortexed and the denaturated proteins are 

30 removed by centrifugation. The supernatant is analyzed by liquid chromatogr^hy 
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connected to a fluorescence detector. The formation of the r-hydroxyfoufuralol is 
monitored in control samples (0 fiM NCE) and in Hhe saniples incubated in presence of 
the NCE. The stock solution of NCE is prepared in a mixture of Acetonitrile/Water to 
reach a final concentration of acetonitrile in the incubation below 1.0%. 

5 

The detemiination of I 'hydroxybufuralol in the samples is performed by liquid 
cfaromatograhy with fluorimetric detection as desoibed below. Twenty five (iL samples 
are injected onto a Chromolith P^omoiance RP-18e column (100 mm x 4.6 mm) (Merck 
KGAa, Darmstadt, Geimany). The mobile phase, consisting of a mixture of solvent A and 
10 solvent B whose proportions change according the following linear gradient, is pumped 
throu^ the column at a flow rate of 1 mUmin: 



Tims (numites) 


Solvent A (%) 


Solvent B(%) 


0 


65 


35 


2.0 


65 


35 


2.5 


0 


100 


5.5 


0 


100 


6.0 


65 


35 



SolvCTt A and Solvent B consist of a mixture of 0.02 M potassium dihydrogenophosphate 
buffe pH3/ methanol in the proportion 90/10 (v/v) for solvent A and 10/90 (v/v) for 
15 solvent B. The run time is 7.5 minutes. Formation of I '-hydroxybufuralol is monitored by 
fluorimetric detection with extinction at k 252 nm and emission at X 302 nm. 

The ICso of the NCE for CYP2D6 is calculated by the measurement of the percent of 
inhibition of the fomiation of the 1 '-hydroxybufuralol in presence of the NCE conipared 
20 to control samples (no NCE) at a known concentration of the NCE. 

The percent of inhibition of the formation of the 1 '-hydroxybufuralol is calculated as 
follows: 
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(1 -hydro^q^bufinalol fonned without inhibitor) - (1 -hydroxybufbralol fonned w ith inhibitor) 
(r^iydiojg^bufiiralolarea foimed witiiout inhibitor) 

The ICso is calculated &om the percent inhibition of the fonnation of the 1 

hydroxybufuralol as foDows (assuming competitive inhibition): 

NCE Conccntraticm x(lOO- Percent of inhibition) 
Percent of inhibitian 

5 

The ICso estimatioii is assumed valid if inhibitioii is between 20% and 80% (Moody GC, 
GrifBn SJ, Mather AN, McGinnity DF, Riley RJ. 1999. FuUy automated analysis of 
activities catalyzed by the majoT human liver cytochrome P450 (CYP) enzymes: 
assessmait of human CYP mhibition potentiaL Xenobiotica, 29(1): 53-75). 
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CLAIMS 



1 . A cooq;>ound of framula CO 




5 (D 
wfaerem, 

X is OH, C1-C4 alkoxy, NH2 or NH(C1-C4 alkyi); 
RxisHorCl-C4alkyl; 
RyisHorCl-C4alkyl; 
1 0 each Rz gioi:^ is indq)eiideQtly H or C1'C4 alkyl, with the proviso that not more tfaan 3 
Rz ffovps may be C1-C4 alkyl; 

Rl is C1-C6 alkyl (optionally substituted with 1, 2 or 3 halogen atoms and/or with 1 
substituent selected from C1-C4 alk}4fiiio (optionally substituted with 1, 2 or 3 fluorine 
atomsX C1-C4 alkoxy (optionally substituted witti 1, 2 or 3 fluorine atoms), C3-C6 

15 cycloalkoxy, C1-C4 aDcyisulfonj^ cyano, -CCM)(C1-C2 alkyi). -0-C0-(Cl-C2 alkyl) 
and hydroxy); C2-C6 alkenyl (optionally substituted with 1, 2 or 3 halogen atoms); €:3- 
C6cycloa]kyl (optionally substituted with 1, 2 or 3 halogen atoms and/or with 1 
substituent selected fiom Cl-CA alkoxy and hydroxy) wherem one C-C bond within &e 
cycloalkyl moiety is q)tionally substituted by an 0-C» S-C or C=C bond; C4-C7 

20 cycloaDc^ialkyl (optionally substituted with U 2 or 3 halogen atoms and/or with 1 

substituent selected from C1-C4 alkoxy and hydroxy) wherem one C-C bond within the 
cycloalkjd moiety is optionally substituted by an 0-C, S-C or 0=C bond; or C3l2Ai2; and 
At! and Ar2 are each independently a phenyl ring or a 5- or 6-mOTibered heteroaryi ring 
eadi of which is optionally substituted with 1, 2 or 3 substituents (depending upon the 

25 number of available substitution positions) each independently selected from Cl-CA alk^ 
(optionally substituted with 1, 2 or 3 halogen atoms), C1-C4 alkoxy (optionally 
substituted with 1, 2 or 3 halogen atoms), Cl-C:4 alkylthio (optionally substituted with 1» 
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2 or 3 halogen atoms), -C0-0(C1-C4 alkyl), cyano, -NRR, -CONRR, halo and hydroxy 
and/or with 1 substituait selected fixnn pyridyl, thiophenyl, phenyl, benzyl and phenoxy 
each of which is optionally ring-substituted with 1, 2 or 3 substituents each indepaidently 
selected fiom halogen, C1-C4 alkyi (optionally substituted with 1, 2 or 3 halogen atoms), 
5 C1-C4 alkoxy (optionally substituted with 1, 2 or 3 halogen atoms), carboxy, nitro, 
hydroxy, cyano, -NRR, -CONRR, SO2NRR and SP2R; and 

eadi R is independently H or C1-C4 alkyl; 
or a phannaceutically acceptable salt thereof. 



10 2, A compound of formula (H) 



R1 

Rz [J Rz 

(H) 

wherein, X, Rx, Ry, Rz, Rl and Arl are as defined for fonnula CD in claim 1; or a 
phannaceutically acc^table salt thaeof. 

15 

3. A conqjound as claimed in any preceding claim or claim 30 wherein X is OH. 

4. A compound as claimed in any preceding claim or claim 30 wheteinRx is H. 
20 5. A conqjound as claimed in any preceding claim or claim 30 whra«nRy is H. 

6. A compound as clainMd in any preceding claim or claim 30 viiierein each Rz is H. 

7. Aconqraundasclaimedinanyoneofclainis 1 to 6 or 30 to 32 wherein Rl isCl- 
25 C6 alkyl optionally substituted with 1 , 2 or 3 halogoi atoms and/or with 1 substituent 

selected fixim C1-C4 alkylthio (optionaUy substituted with 1, 2 or 3 fluorine atoms), Cl- 
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C4 alkoxy (optionally substituted with 1, 2 or 3 fluorine atoms), C3-C6 cycloalkoxy, CI- 
C4 aDcylsulfonyi, cyano, -C0-0(C1-C2 alkyl), -0-C0-(Cl-C2 alkyl) and hydroxy. 

8. Acompoiindasclaimedinanyoneofclauns 1 to 6 or 30 to 32 wherein Rl isC2- 
S C6 aDcenyl optionally substituted with U 2 or 3 halogen atoms. 

9. A compound as claimed in any one of claims 1 to 6 or 30 to 32 wherein Rl is C3- 
C6 cycloalkyl optionally substituted with 1, 2 or 3 halogen atoms and/or with 1 
substituent selected from C1-C4 alkoxy and hydroxy wherein one C-C bond within the 

10 cycloalkyl moiety is optionally substituted by an O-C, S-C or C=C bond. 

10. A compound as claimed in any one of claims I to 6 or 30 to 32 wherein Rl is C4- 
C7 cycloalkylalkyl optionally substituted with 1, 2 or 3 halogen atoms and/or with 1 
substituent selected from C1-C4 alkoxy and hydroxy wherein one C-C bond within the 

1 5 cycloalkyl moiety is optionally siibstituted by an O-C, S-C or C=C bond. 

11. A compound as claimed in any one of claims I to 6 or 30 to 32 wherein Rl is 
CH2Ar2 wherein Ar2 is a phenyl ring or a 5- or 6-memba:ed heteioaryl ring each of 
which is optionally substituted with 1, 2 or 3 substitueats (depending upon tiie number of 

20 available substitution positions) each independently selected from C1-C4 alkyl 
(optionally substituted with 1, 2 or 3 halogen atoms), C1-C4 alkoxy (c^tionaUy 
substituted with 1 , 2 or 3 halogen atoms), C1-C4 alkyltbio (optionally substituted with 1 , 
2 or 3 halogen atoms), -C0-0(C1-C4 alkyl), cyano, -NRR, -CONRR, halo and hydroxy 
and/or with 1 substituent selected from pyridyl, thiophenyl, phenyl, ben2yl and phenoxy 

23 each of which is optionally ring-substituted with 1, 2 or 3 substituents each independmtly 
selected fix)m halogen, C1-C4 alkyl (optionally substituted with 1, 2 or 3 halogen atoms), 
C1-C4 alkoxy (optionally substituted with 1, 2 or 3 halogen atoms), caiboxy, nitro, 
hydroxy, cyano, -NRR, -CONRR, SO2NRR and SO2R 

30 12. A compound as claimed in any preceding claim or claim 30 wherein Arl is a 
phenyl ring or a 5- or 6-membered heteroaryl ring; each of which is substituted in the 
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ortho position with a substituent selected from CI -C4 alkyl (optionally substituted wifli 1 , 
2 or 3 halogoi atoms), C1-C4 aDcoxy (optionaDy substituted with 1, 2 or 3 halogen 
atoms), C1-C4 alkylthio (optionally substituted with 1, 2 or 3 halogen atoms). -C0-0(C1- 
C4 alkyl), cyano, -NRR, -CONRR. halo, hydroxy, pyridyl, thiophenyl, phenyl, benzyl and 
5 phenoxy, each of whidi ortho substitoents is optionally ring-substituted (wdiere a ring is 
present) with 1, 2 or 3 substituents each indqjendently selected fiom halogen, C1-C4 
aftyl (optionally substituted witii 1, 2 or 3 halogen atoms), C1-C4 alkoxy (optionally 
substituted with 1, 2 or 3 halogai atoms), carboxy, nitre, hydroxy, cyano, -NRR, - 
CONRR, SO2NRR and SO2R; and each of which is (in addition to ortho substitution) 
10 optionally further substituted with 1 or 2 substituents each independently selected from 
C1-C4 alkyl (optionally substituted with 1, 2 or 3 halogen atoms), C1-C4 alkoxy 
(optionally substituted with 1, 2 or 3 halogen atoms), C1-C4 alkyltihio (t^tionally 
substituted with 1 , 2 or 3 halogen atoms), -C0-0(C1-C4 alkyl), cyano, -NRR, -CONRR, 
halo and hydroxy. 

15 

13. A compound as claimed in any preceding claim or claim 30 wherdn Arl is a 
group of the formula (a): 

R3 

R2^ ^R4 
^niierein, 

20 A is N or CR6 (preferably CR6); R2 is C1.C4 alkyl (optionally substituted with 1, 2 or 3 
halogen atoms), C1-C4 alkoxy (optionally substituted wiA 1, 2 or 3 halogai atoms), Cl- 
C4 alkyltbio (optionally substituted with 1, 2 or 3 halogen atoms), halo, hydroxy, pyridyl, 
thiophaiyl, phenyl (optionally substituted wifli 1, 2 or 3 substituents each independently 
selected fiom halogen, C1-C4 alkyl (optionally substituted with 1, 2 or 3 halogra atoms), 

25 or C1-C4 alkoxy (optionally substitated with 1 , 2 or 3 halogen atoms)) or phenoxy 

(optionally substituted with 1, 2 or 3 halogen atoms); R3 is H; R4 is H; R5 is H, C1-C4 
alkyl (optionally substituted with 1, 2 or 3 halogen atoms), 01 -C4 alkoxy (optionally 
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substituted with 1, 2 or 3 halogen atoms), C1-C4 alk)4lhio (optionaUy substituted wifli 1; 
2 or 3 halogen atoms), halo or hydroxy; andR6 (if present) is H. 

14. A compound of formula (m) 




(m) 

wherdn, X, Rl and Arl are as defined for fomiula (I) in claiml ; or a phaimaceuticaUy 
acceptable salt thereof. 

10 15. A compound according to claim 14 wherein 
XisOHorNH2; 

Rl is C1-C6 alkyl (optionally substituted with 1, 2 or 3 halogen atoms and/or with 1 
substituent selected from C1-C4 alkylthio (optionally substituted with 1, 2 or 3 fluorine 
aton:is)» C1-C4 alkoxy (optionally substituted with 1, 2 or 3 fluorine atoms), C3-C6 

15 cycloalkoxy, C1-C4 alkyisulfonyl, cyano, -CO-0(Cl-C2 alkyl), -0-CO(C1-C2 alkjd) 
and hydroxy); C3-C6 cycloaOcyl (optionally substituted with 1» 2 or 3 halogen atoms 
and/or with 1 substituent selected £x>m C1-C4 alkoxy and hydroxy) wh^ein one C-C 
bond wifhm the cycloalkyi moiety is optionally substituted by an 0-C, S-C or C=C bond; 
or CH2Ar2 wherein Ar2 is a phenyl ring or a pyridyl (preferably 2-pyridyl) ring each of 

20 which may be substituted witii 1, 2 or 3 substituents each independently selected fiom 
C1-C4 alkyl (optionally substituted with 1, 2 or 3 halogen atoms), C1-C4 alkoxy 
(optionally substituted with 1, 2 or 3 halogen atoms), C1-C4 alkylthio (optionally 
substituted with 1, 2 or 3 halogen atoms), halo and hydroxy; and 

Arl is a phenyl ring or a 5- or 6-membered heteroaryl ring; each of 'wWch is substituted in 
25 the ortho position with a substituent selected from C1-C4 alkyl (optionally substituted 
with 1 , 2 or 3 halogen atoms), C1-C4 alkoxy (optionally substituted with 1, 2 or 3 
halogen atoms), C1-C4 alkylthio (optionally substituted with 1, 2 or 3 halogen atoms), - 
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C0-0(C1-C4 alkyl), cyano, -NRR, -CONRR, halo, hydroxy, pyridyl, thiophenyl, phenyl, 
benzyl and phenoxy, eadi of which oriho substituents is optionally ring-substituted 
(where a ring is present) with 1, 2 or 3 substituents each indq>endently selected from 
halogen, C1-C4 alkyl (optionally substituted with 1, 2 or 3 halogen atoms), C1-C4 alkoxy 
5 (optionaUy substituted with 1, 2 or 3 halogen atoms), caiboxy, nilro, hydroxy, cyano, - 
NRR, -CONRR, SP2NRR and SO2R; and each of which is (in addition to ortho 
substitution) optionally further substituted wifli 1 or 2 substituents each independently 
selected from C1-C4 alkyl (optionally substituted with 1, 2 or 3 halogen atoms), C1-C4 
alkoxy (optionally substituted with 1, 2 or 3 halogen atoms), C1-C4 alkylthio (optionally 
10 substituted with 1, 2 or 3 halogen atoms), -C0-0(C1-C4 alkyl), cyano, -NRR, -CONRR, 
halo and hydroxj^, or a phaimaceutically acceptable salt hereof. 

16. A confound of formula ([V) 



15 




wherein, 
XisOHorNH2; 

Rl is C1-C6 alkyl (optionally substitoted with 1, 2 or 3 halogen atoms and/or with 1 
substituent selected from C1-C4 alkoxy (optionally substituted with 1, 2 or 3 fluorine 
20 atoms), cyano, and hydroxy); C3-C6 cycloalkyl (optionally substituted with 1, 2 or 3 
halogen atoms and/or wift 1 substituent selected from C1-C4 alkoxy and hydroxy) 
wherein one C-C bond within the cycloalkyl moiety is optionally substituted "by an 0-C 
bond; or CH2Ar2 wherein Ar2 is a phoiyl ring optionally substituted wifli 1 , 2 or 3 
substituaits eadi mdcpendently selected from CI-C4 alk>i (optionaDy substituted with 1, 
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10 



15 



2 or 3 halogen atoms), C1-C4 alkoxy (optionally substituted with 1, 2 or 3 halogen 
atoms), C1-C4 alkylthio (optionally substituted with 1, 2 or 3 halogen atoms), halo and 
hydroxjr, 

A is N or CR6 (preferably CR6); R2 is C 1-C4 alkyl (optionally substituted with 1 , 2 or 3 
halogen atoms), C1-C4 alkoxy (optionally substituted with 1, 2 or 3 halogen atoms), Cl- 
C4 alkylthio (optionally substituted with 1, 2 or 3 halogen atoms), hak>, hydroxy, pyridyl 
thiophenyl, phenyl (optionally substituted with 1, 2 or 3 substituents each indq)endently 
selected fiom halogen, C1-C4 alkyl (optionally substituted with 1, 2 or 3 halogen atoms), 
or C1-C4 alkoxy (optionally substituted with 1, 2 or 3 halogen atoms)) or phenoxy 
(optionally substituted with 1, 2 or 3 halogen atoms); R3isH;R4isH;R5isH, CI-C4 
alkyl (optionally substituted witii 1, 2 or 3 halogen atoms), C1-C4 alkoxy (optionally 
substituted with 1, 2 or 3 halogen atoms), CI-C4 alkylthio (optionally substituted with 1, 
2 or 3 halogen atoms), halo or hydroxy; and R6 (if present) is H; or a pharaiaceutically 
acceptable salt thereof 

17. A compound of fomiula (V) 



XisOHorNHi; 

Rl is C1-C6 alkyl (optionally substituted with 1, 2 or 3 fluorine atoms), C3-C6 cycloalkyl 
wherein one C-C bond within the cycloalkyl moiety is optionally substituted by an O-C 
bond or CH2Ar2 wherein Ar2 is a phenyl riog optionally substituted with 1 or 2 
substituents each independently selected from Cl^ alk^ (optionally substituted with 1 , 




(V) 



wherein, 
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2 or 3 halogen atoms), C1-C4 alkoxy (optionally substituted with 1, 2 or 3 halogen 
atoms), halo and hydroxy; 

R2 is C1-C4 alkyl (optionally substituted with 1, 2 or 3 fluorine atoms), C1-C4 alkoxy 
(optionally substituted with 1, 2 or 3 fluorine atoms) or phenyl (optionally substituted 
5 with 1 , 2 or 3 fluorine atoms); and R5 is H or F; or a phannaceutically acceptable salt 
thereof. 

18. A compoimd of formula (VI) 




10 (VI) 
wherein, 

Rl is C1-C6 alkyi (optionally substituted with 1, 2 or 3 fluorine atoms) or C3-C6 
cycloaDcyl wherein one C-C bond within the cycloalkyl moiety is optionally substituted 
by an O-C bond; 

15 R2 is C1-C4 alkyl (optionally substituted with 1, 2 or 3 fluorine atoms), C1-C4 alkoxy 
(optionally substituted with 1, 2 or 3 fluorine atoms) or phenyl (optionally substituted 
with 1 , 2 or 3 fluorine atoms); and R5 is H or F; or a phannaceutically acceptable salt 
thereof 

20 19. A compound of the formula 



<W0 a005047272A 1 _L> 
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or a phannaceutically accq)table salt thereof. 



20. A coi]:q>ound of the formula 




or a phannaceutically accq>table sah ih&eof. 

21. Thehydn>cUoridesalt of acoinpoundaccQnlingtoclaim20orclam 

10 22. A pharmaceutical cooaposition coxrpisiDg a compouiid as claimed in any one of 
claims 1 to 21, except when dependent upon any one of claims 30 to 32, or a 
phamiaceutically acceptable salt thereof together with a phamiaceutically accqitable 
diluent, «cipient or earner. 

15 23. A compound as claimed in any one of claims 1 to 21, excqpt when dependent 
iq>on any one of claims 30 to 32, for use in therq>y. 



24. A compound as claimed in any one of claims 1 to 21, except when dependent 
upon any one of claims 30 to 32, or a phannaceutically accq)table salt fliereof for use as 
20 an inhibitor of the rei^take of norepinephrine. 



BNSOOCIO <WO_„200S047272A1J_> 



wo 2005/047272 



PCT/US2004/032771 



-124- 



10 



15 



20 



25. A compound as claimed in any one of claims 1 to 21, except when dependent 
upon any one of claims 30 to 32, or a phamiaceutically acceptable salt thereof for treating 
disorders associated with norq>inephrine dysfunction in mammals. 

26. The use of a compound as claimed in any one of claims 1 to 21, except when 
depradent iq>on any one of claims 30 to 32, or a phannaceutically acceptable salt th^eof 
for the manufacture of a medicament for Ihe treatment of disorders associated wifli 
noi^in^hrine dysfonction in mammals. 

27. A method for inhibiting the reuptake of norq)inephrine in mammals comprising 
administering to a patient in need thereof an effective amount of a compound as claimed 
in any one of claims 1 to 21, except when dependent upon any one of claims 30 to 32, or 
a phannaceutically acceptable salt thereof 

28. A method for treating disorders associated with norepinephrine dysfimction in 
mammals comprising administering to a patient in need thereof an effective amount of a 
compound as claimed in any one of claims 1 to 21, except when dependent upon any one 
of claims 30 to 32, or a phaimaceutically acceptable salt hereof. 

29. A process for Ihe preparation of a compound of formula (1) comprising the step of 
dq)rotecting a compound of the formula (XIV) 



R1 



\ 



Rz 

Rz T Rz 
P 



(XIV) 

25 wherein P represents an N-protecting group and all other variables are as defined for 
formula (I) in claim 1, to provide a conqiound of formula (T), optionally followed by tiie 
step of fonning a phaimaceutically accq>table salt. 
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30. A canqxmiid of the ftnnola (XIV) 



Rz ^ RyLx 



\ I 



Rz ¥ Rz 
P 



^Rz 



(XIV) 

S ^erdnP rqyreseots anN-piotectmg groiq> and all oths: variables are as defined fi>r 
fixnnula (I) in clam 1 , or a salt Iteeol 

31. A comixnuid of flie fiDmnda POD) 




10 (xm) 

whefein P rqnesents an N-protecting groi^ and all other variables axe as defined fisr 
formnla in clann 1, or a salt Ibere^ 

.32. AcoxnpoinidofdiefbimiilapaDDOb 

•oil 



0 



R1 



I 

wherein P represents an N-protecting gx>\sp and all ottier variables axe as defined for 
fornxula (I) in claim U or a salt Ihereof 
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33* A compound according to any one of claims 30 to 32, or a salt thereof; wherein 
Rl is a tetrahydro-2H-pyran-4-yl group. 

34. A compound according to any one of claims 30 to 33, or a salt thereof; wherein P 
5 is a benzyl group. 
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